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$PRQVLHXU 'DQLHO -RO\ TXL D DVVXUp OD FRGLUHFWLRQ GH FHV WUDYDX[ SRXU VHV FRQVHLOV VHV
FRQQDLVVDQFHV VHV DYLV pFODLUpV« SRXUP





























$ PRQVLHXU 'LGLHU %DUWKHOHW FKDUJp GH PLVVLRQ j O
DVVRFLDWLRQ 3UR)RUrW SRXU VHV DYLV
pFODLUpVVXUODILOLqUHERLVpQHUJLHIUDQFFRPWRLVH
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DSUqV OD EDWDLOOH« SRXU VD FXOWXUH VRQ LPPHQVH WDOHQW VRQ JRW SRXU OHV H[SpULHQFHV
EL]DUUHV«3XLVVHVWXrWUHDXVVLILHUGHPRLTXHMHQHOXLVXLVGHWRL«0HUFLHQFRUH«






















Le bois-énergie, fer de lance de la politique française sur les énergies renouvelables 
/HVpQHUJLHVQRQUHQRXYHODEOHVHVVHQWLHOOHPHQWJD]SpWUROHHWXUDQLXPUHSUpVHQWHQWGH
O¶pQHUJLH FRQVRPPpH GDQV OH PRQGH $JHQFH LQWHUQDWLRQDOH GH O¶pQHUJLH DWRPLTXH
&HSHQGDQWOHVSHFWUHGHO¶DPHQXLVHPHQWSURFKDLQGHFHVJLVHPHQWVDLQVLTXHOHVSUREOqPHV
HQYLURQQHPHQWDX[ HW JpRSROLWLTXHV OLpV j OHXU XVDJH WHQGHQW j UHPHWWUH HQ FDXVH FHWWH
SUpYDOHQFH/HVSROLWLTXHVHWGLUHFWLYHVpQHUJpWLTXHVPHWWHQW O¶DFFHQW VXU OD VpFXULVDWLRQGHV
DSSURYLVLRQQHPHQWV HW OD GLYHUVLILFDWLRQ GX ERXTXHW pQHUJpWLTXH 2U OD GLYHUVLILFDWLRQ GHV
VRXUFHV G¶pQHUJLHV SULPDLUHV LPSOLTXH OH GpYHORSSHPHQW G¶pQHUJLHV DOWHUQDWLYHV HW
UHQRXYHODEOHVGLVSRQLEOHVORFDOHPHQW(Q)UDQFHXQJUDQGQRPEUHGHGLVSRVLWLIVVRQWPLVHQ





Une forte augmentation de la demande en plaquettes forestières dans le secteur 
collectif/tertiaire 
/DPLVHHQSODFHHQGXSUHPLHUplan bois-énergie et développement localVRXVO¶pJLGHGH
O¶$'(0( PDUTXH OH GpEXW G¶XQH DXJPHQWDWLRQ UDSLGH HW LPSRUWDQWH GX QRPEUH GH





LQGXVWULHOV EDQDOV O¶DXJPHQWDWLRQ GH OD GHPDQGH HVW WHOOH TXH FHV SURGXLWV SDU DLOOHXUV
YDORULVpVjG¶DXWUHVILQDOLWpVQHSHXYHQWSDVVDWLVIDLUHODFRQVRPPDWLRQGHVVLWHV/DSODTXHWWH
IRUHVWLqUH ERLV GpFKLTXHWp DSSDUDLW GqV ORUV FRPPH XQ FRPEXVWLEOH SUpIpUHQWLHO
/¶DSSURYLVLRQQHPHQW GHV FKDXIIHULHV HQ SODTXHWWHV IRUHVWLqUHV GHYLHQW XQH SUpRFFXSDWLRQ
PDMHXUHSRXUO¶HQVHPEOHGHVDFWHXUVGHODILOLqUHIRUrWERLV

L'approvisionnement des chaufferies, un problème géographique 






x DX[ IOX[ GH SODTXHWWHV IRUHVWLqUHV GHSXLV OHV OLHX[ GH SURGXFWLRQ IRUrWV MXVTX¶DX[
OLHX[GHFRQVRPPDWLRQ
x HW j OD PRGpOLVDWLRQ GH EDVVLQV G¶DSSURYLVLRQQHPHQW F
HVWjGLUH OHV ]RQHV GDQV
OHVTXHOOHVVHWURXYHQWOHVUHVVRXUFHVOLJQHXVHVVXVFHSWLEOHVG¶DOLPHQWHUOHVFKDXIIHULHV
1RXV QRXV VRPPHV SOXV VSpFLILTXHPHQW LQWpUHVVpV j OD FRPSRVDQWH VSDWLDOH GHV
DSSURYLVLRQQHPHQWVXQHYDULDEOHTXLSRXUO¶KHXUHDSHXG¶LPSRUWDQFHHQUDLVRQGHV\VWqPHV
GH WDULILFDWLRQ Q¶LQFLWDQW SDV IRUFpPHQW  j OD PLQLPLVDWLRQ GHV GLVWDQFHV GH WUDQVSRUW
1pDQPRLQV FHWWHYDULDEOH VSDWLDOHSRXUUDLW MRXHUXQ U{OH LPSRUWDQW VL OHV FRWVGH WUDQVSRUW




&RPSWH WHQX GH OD UpSDUWLWLRQ VSDWLDOH GHV FKDXIIHULHV HW GH O¶pYROXWLRQ GH OD GHPDQGH XQ
SOXVLHXUV TXHVWLRQV pPHUJHQW UHODWLYHV j O¶RUJDQLVDWLRQ GHV DSSURYLVLRQQHPHQWV HW j OD
GXUDELOLWpGHODILOLqUH
 x 2V¶DSSURYLVLRQQHWRQjO¶KHXUHDFWXHOOH"&KHUFKHWRQjYDORULVHUGHVUHVVRXUFHVGH







x ([LVWHWLO GHV FRQFXUUHQFHV VSDWLDOHV HQWUH OHV GLIIpUHQWV EDVVLQV
G¶DSSURYLVLRQQHPHQW"
3RXU DSSRUWHU GHV pOpPHQWV GH UpSRQVH j FHV LQWHUURJDWLRQV QRXV DYRQV RSWp SRXU GHX[
DSSURFKHV/DSUHPLqUHHVWFHOOHGHVLQWHUDFWLRQVVSDWLDOHVIRQGpHVXUO¶DQDO\VHGHGRQQpHVGH
WUDoDELOLWpHWYLVDQWjFRPSUHQGUHO¶RUJDQLVDWLRQDFWXHOOHGHVDSSURYLVLRQQHPHQWV/DVHFRQGH
DSSURFKH FRQVLVWH j PRGpOLVHU GH PDQLqUH H[SORUDWRLUH GHV EDVVLQV G¶DSSURYLVLRQQHPHQW
ORFDX[HWGXUDEOHV
Les terrains d’étude : la communauté d’agglomération du grand Besançon, et le Pays 
Loue-Lison

1RXV DYRQV UHVWUHLQW QRWUH ]RQH G¶pWXGH j GHX[ WHUULWRLUHV FRQWLJXV PDLV FRQWUDVWpV XQH
FRPPXQDXWp G¶DJJORPpUDWLRQ XUEDLQH HW XQ SD\V UXUDO 0DOJUp XQ QRPEUH VHQVLEOHPHQW

pTXLYDOHQW GH FKDXIIHULHV XQH YLQJWDLQH GDQV FKDTXH WHUULWRLUH OD SXLVVDQFH LQVWDOOpH HVW
TXDWUH IRLV SOXV LPSRUWDQWH GDQV OD FRPPXQDXWp G¶DJJORPpUDWLRQ&HV GHX[ WHUULWRLUHV VRQW
FDUDFWpULVpV SDU G¶LPSRUWDQWV WDX[ GH ERLVHPHQW HQYLURQ  FH TXL SRXUUDLW ODLVVHU
VXSSRVHUa prioriXQLPSRUWDQWSRWHQWLHOGHQGURpQHUJpWLTXH&HSHQGDQWO¶pYROXWLRQIXWXUHGH
ODGHPDQGHHQERLVpQHUJLHPRGpUpHGDQVOHSD\V/RXH/LVRQPDLVWUqVLPSRUWDQWHGDQVOD






&HWWH UHFKHUFKH HVW VWUXFWXUpH HQ WURLV SDUWLHV (Q SUHPLHU OLHX YLHQQHQW OD GpILQLWLRQ GH OD
SUREOpPDWLTXH HW XQ pWDW GHV OLHX[ GH OD ILOLqUH ERLVpQHUJLH IUDQFFRPWRLVH /D GHX[LqPH
SDUWLHSUpVHQWH OHFDGUHPpWKRGRORJLTXH/D WURLVLqPHSDUWLHSUpVHQWHHWGLVFXWH OHV UpVXOWDWV
REWHQXVILJXUH

/DSDUWLHSURSRVHXQH UpIOH[LRQFRQFHSWXHOOHHW WKpRULTXH VXU OD ILOLqUHERLVpQHUJLHHW OHV
DSSURYLVLRQQHPHQWV$SUqVDYRLUGpFULWOHVGLIIpUHQWHVFRPSRVDQWHVGHODILOLqUHERLVpQHUJLH
O¶DQDO\VH VH UHFHQWUH VXU OHVPXWDWLRQV TX¶HOOH FRQQDvW GHSXLV OHV  GHUQLqUHV DQQpHV SRXU
HQVXLWHV¶LQWHUURJHUVXUODVWUXFWXUDWLRQDFWXHOOHGHVDSSURYLVLRQQHPHQWVOHIRQFWLRQQHPHQWGH
OD ILOLqUHHWVHV OLPLWHV1RXVPHWWRQVQRWDPPHQW O¶DFFHQWVXU OHVFRQFHSWVGHSUR[LPLWpGH
FRQFXUUHQFHVSDWLDOHHWGHGXUDELOLWpTXLIRUPHQWOHILOGLUHFWHXUGHFHWUDYDLO

/D GHX[LqPH SDUWLH HVW FRQVDFUpH j O¶pODERUDWLRQ G¶XQ SURWRFROHPpWKRGRORJLTXH 'DQV XQ
SUHPLHUWHPSVOHVDSSURYLVLRQQHPHQWVVRQWFRQVLGpUpVFRPPHGHVLQWHUDFWLRQVVSDWLDOHVHQWUH
OHVHVSDFHVERLVpVHWOHVFKDXIIHULHVHWVRQWDSSUpKHQGpVDXPR\HQGHGRQQpHVGHWUDoDELOLWp
TXL UHQVHLJQHQW VXU O¶RULJLQH GHV FRPEXVWLEOHV HW OHV TXDQWLWpV GH SODTXHWWHV IRUHVWLqUHV
DFKHPLQpHV&HFLQRXVSHUPHWGHFDUWRJUDSKLHUO¶LQWHQVLWpHWODSRUWpHGHVIOX[HWGHPHWWUHHQ
pYLGHQFH OH U{OH GHV FDUDFWpULVWLTXHV VSDWLDOHV GDQV O
RUJDQLVDWLRQ DFWXHOOH GHV
DSSURYLVLRQQHPHQWV 'DQV XQ VHFRQG WHPSV QRXV SURSRVRQV XQH PpWKRGRORJLH YLVDQW j
PRGpOLVHU GHV EDVVLQV G
DSSURYLVLRQQHPHQW WKpRULTXHV VDWLVIDLVDQW OHV FRQWUDLQWHV GH








j GHVWLQDWLRQ GH GHX[ VLWHV OD FKDXIIHULH GH 3ODQRLVH ORFDOLVpH j %HVDQoRQ HW OH VLWH GH


)HUWDQV 3D\V /RXH/LVRQ 8Q PRGqOH G¶LQWHUDFWLRQ VLPSOH GH W\SH JUDYLWDLUH HVW G¶DERUG
WHVWp SDUWDQW GX SRVWXODW TXH O¶LQWHQVLWp GHV LQWHUDFWLRQV GpFURLW DYHF O¶pORLJQHPHQW
FRQIRUPpPHQWjODQpFHVVLWpGHPLQLPLVHUOHVLPSDFWVHQYLURQQHPHQWDX[OLpVDXWUDQVSRUW8Q




/D PRGpOLVDWLRQ H[SORUDWRLUH GH EDVVLQV G¶DSSURYLVLRQQHPHQW ORFDX[ HW GXUDEOHV SDVVH SDU
WURLV pWDSHV OD SUHPLqUH HVW GH FRQQDLWUH OD UpSDUWLWLRQ VSDWLDOH GH OD ELRPDVVH OLJQHXVH
DpULHQQH HW GHV W\SHV GH SHXSOHPHQWV &H TXL HVW IDLW HQ pWDEOLVVDQW XQH UHODWLRQ HQWUH GHV
YDOHXUV G¶LQGLFHV GH YpJpWDWLRQ LVVXV GH O¶LPDJHULH VDWHOOLWDLUH HW GHV YDOHXUV GH ELRPDVVH
UHQVHLJQpHV GDQV OHV GRQQpHV G¶LQYHQWDLUH IRUHVWLHU HW OD ELEOLRJUDSKLH /D VHFRQGH pWDSH
SURSRVH XQH VLPXODWLRQ VXU XQH ]RQH GRQQpH GH OD FURLVVDQFH GHV SHXSOHPHQWV HW XQH
HVWLPDWLRQ GHV SUpOqYHPHQWV SRVVLEOHV /D WURLVLqPH HW GHUQLqUH pWDSH FRQVLVWH HQILQ j




x WKpRULTXHV HW FRQFHSWXHOV DYHF XQH FRQWULEXWLRQ GH JpRJUDSKH j XQH SUREOpPDWLTXH SDU
QDWXUHSOXULGLVFLSOLQDLUH
x WKpPDWLTXHV SDU XQH PHLOOHXUH FRQQDLVVDQFH GX IRQFWLRQQHPHQW HW GH O¶RUJDQLVDWLRQ
VSDWLDOHGHODILOLqUHVXUO¶RIIUHHWODGHPDQGHHWVXUOHVDSSURYLVLRQQHPHQWV





















































'DQV OH FKDSLWUH  QRXV GRQQRQV GHV pOpPHQWV GH GpILQLWLRQ UHODWLIV DX ERLVpQHUJLH 6RQW
DERUGpV OHV GLIIpUHQWV W\SHV GH FRPEXVWLEOHV ERLV DLQVL TXH OHV GLIIpUHQWHV YDORULVDWLRQV
pQHUJpWLTXHV SRVVLEOHV /D ILOLqUH HVW pJDOHPHQW DERUGpH HQ WHUPHV G








IRVVLOHV VRXOqYH pJDOHPHQW GH QRPEUHX[ TXHVWLRQQHPHQWV'H IDLW QRXV QRXV LQWHUURJHRQV
VXUODSHUWLQHQFHG¶XQGpYHORSSHPHQWLPSRUWDQWGHODILOLqUHERLVpQHUJLHFRPPHUpSRQVHDX[










 &RQIpUp &,(1 &HQWUH ,QWHUQDWLRQDO GHV eQHUJLHV 1RXYHOOHV ZZZFLHQRUJ &HWWH GpQRPLQDWLRQ G¶pQHUJLH






















/H ERLVpQHUJLH RX GHQGURpQHUJLH GX JUHF ©GHQGURVª VLJQLILDQW ©DUEUHª VH GpILQLW
OLWWpUDOHPHQWFRPPHODYDORULVDWLRQpQHUJpWLTXHGHODIUDFWLRQGHODELRPDVVHFRQVWLWXpHSDUOH






HVSDFHV ERLVpV QRQ IRUHVWLHUV DX[ XVDJHUV ILQDX[ &HV DFWLYLWpV VRQW FRPSOpPHQWDLUHVOHV
SURGXLWV GHV XQV FRQVWLWXDQW OD PDWLqUH SUHPLqUH GHV DXWUHV 'DQV XQ SUHPLHU WHPSV OHV
















1.1. Les différents types de combustibles bois 

6HORQ OHV VRXUFHV OD W\SRORJLH GHV JUDQGHV FODVVHV GH JLVHPHQWV SHXW GLIIpUHU 0DLV
JOREDOHPHQW XQH GLFKRWRPLH QDWXUHOLQGXVWULHO WUDQVSDUDvW FI ILJXUH  6HORQ +(638/
WURLV W\SHV GH FRPEXVWLEOHV DSSDUDLVVHQW QHWWHPHQW OH ERLVEFKH OHV JUDQXOpV HW OH ERLV
GpFKLTXHWp &HWWH VFLVVLRQ VH MXVWLILH VHORQ VHV DXWHXUV SDU OD FRUUHVSRQGDQFH DYHF FHUWDLQV
VHFWHXUV DLQVL OH ERLVEFKH HW OHV JUDQXOpV FRQYLHQQHQW SDUWLFXOLqUHPHQW DX[ LQVWDOODWLRQV
LQGLYLGXHOOHVODGLIIpUHQFHVHIDLVDQWDXQLYHDXGXGHJUpG¶DXWRPDWLVDWLRQGHO¶LQVWDOODWLRQ/H
ERLV GpFKLTXHWp SODTXHWWHV IRUHVWLqUHV FRQYLHQGUDLW TXDQW j OXL GDYDQWDJH j XQ XVDJH
FROOHFWLI &HWWH DGpTXDWLRQ HQWUH FRPEXVWLEOH HW VHFWHXU V¶H[SOLTXH HQ SDUWLH SDU OH IDFWHXU






/H ERLVEFKH HW OD SODTXHWWH IRUHVWLqUH VRQW GHV FRPEXVWLEOHV LVVXV G¶XQH YDORULVDWLRQ
pQHUJpWLTXHGLUHFWHF
HVWjGLUHH[SORLWpVRXUpFROWpVVSpFLILTXHPHQWjGHVILQVpQHUJpWLTXHV
o/HERLVEFKH HVW OH FRPEXVWLEOH ERLV OH SOXV XWLOLVp SDU OHV SDUWLFXOLHUV HW SURYLHQW GH
WURLV VRXUFHV G¶DSSURYLVLRQQHPHQW GHV SURSULpWpV GH O¶XWLOLVDWHXU GH O¶DIIRXDJH RX GH OD
SURSULpWpG¶DXWUXLGH O¶DFKDWGDQVGHVUpVHDX[RIILFLHOVRXGHFLUFXLWV LQIRUPHOV ,OV¶DJLW OH
SOXV VRXYHQW GH URQGLQV RX GH TXDUWLHUV HPSLOpV ILJXUH SRXU XQH GXUpH GH VpFKDJH
DWWHLJQDQW MXVTX¶j WURLVDQV OHVEFKHVGRLYHQWHQHIIHWDWWHLQGUHG¶KXPLGLWpDYDQWGH
SRXYRLU rWUH EUOpHV2QSUpIqUH JpQpUDOHPHQW OHV EFKHV GH ERLV GXU TXL RQW XQPHLOOHXU
UHQGHPHQW FDORULILTXH (Q WHUPHV G
XVDJH FHWWH IRUPH GH FRPEXVWLEOH HVW FRQFXUUHQW RX
FRPSOpPHQWDLUH GH OD SODTXHWWH IRUHVWLqUH SXLVTX
LO V
DJLW GHV GHX[ VHXOV W\SHV GH








)LJXUHERLVEFKHo /D SODTXHWWH IRUHVWLqUH ILJXUH  HVW ©XQ FRPEXVWLEOH REWHQX SDU EUR\DJH RX
GpFKLTXHWDJHGHWRXWRXSDUWLHGHVYpJpWDX[OLJQHX[LVVXVGHSHXSOHPHQWVIRUHVWLHUV>RXQRQ












DUEUHV PDO FRQIRUPpV RX HQFRUH OHV FLPHVª /D SODTXHWWH IRUHVWLqUH HVW PDMRULWDLUHPHQW






SDUWLFXOLHUV6HORQ O¶,7(%( ©O¶DSSURYLVLRQQHPHQW HQ SODTXHWWHV IRUHVWLqUHV HQWUH GDQV XQ
SURFHVVXVDOODQWGHO¶DEDWWDJHGHVDUEUHVDXGpYHUVHPHQWGHVSODTXHWWHVGDQVXQVLORªILJXUH
$SUqV ODGpILQLWLRQGHVPRGDOLWpVGHJHVWLRQGHVSDUFHOOHV IRUHVWLqUHVHW OHPDUTXDJHGHV
DUEUHV TXL V¶HQ VXLW OHV GLIIpUHQWHV pWDSHV GH SURGXFWLRQ GH OD SODTXHWWH IRUHVWLqUH VRQW OHV
VXLYDQWHV
x /¶DEDWWDJH GHV DUEUHV TXL SHXW VH IDLUH GHPDQLqUHPDQXHOOH RXPpFDQLVpH VHORQ OHV
FRQGLWLRQVORFDOHVO¶pWDWGHVUHVVRXUFHVOLJQHXVHVOHUpJLPHIRUHVWLHUHWF
x /H IDoRQQDJH HQVHPEOH G¶RSpUDWLRQV FRQVLVWDQW j  HQOHYHU OHV JURVVHV EUDQFKHV HW OD
















Enjeux et problématiques liés à la valorisation énergétique de la biomasse ligneuse 
_________________________________________________________________________________  

6HORQ OH)&%$ OHV SODTXHWWHV IRUHVWLqUHV VRQW FDUDFWpULVpHV SDU GHV SDUDPqWUHV QRUPDWLIV
KXPLGLWp WDX[ GH FHQGUH HW JUDQXORPpWULH GHYDQW rWUH FRQVLGpUpV SDU OHV SURGXFWHXUV GH
SODTXHWWHVIRUHVWLqUHVHQIRQFWLRQGXPDWpULHOLQVWDOOpHWGHVSDUDPqWUHVLQIRUPDWLIVWDX[GH
FKORUH HW TXDQWLWp G
pQHUJLH GLVSRQLEOH SDU XQLWp GH PDVVH &H GHUQLHU SDUDPqWUH QRXV
LQWpUHVVH SDUWLFXOLqUHPHQW GDQV OD PHVXUH R OD SXLVVDQFH GH OD FKDXIIHULH GpWHUPLQH OD
TXDQWLWp G¶pQHUJLH HWa fortiori OD TXDQWLWp GH FRPEXVWLEOH jPRELOLVHU8QH FRUUpODWLRQ WUqV
QHWWH HVW DLQVL REVHUYDEOH HQWUH OD SXLVVDQFH HW OD FRQVRPPDWLRQ GHV LQVWDOODWLRQV (Q
UHYDQFKH VHORQ OD PrPH VRXUFH ©OD SURYHQDQFH F¶HVWjGLUH OD ]RQH JpRJUDSKLTXH GH
SURGXFWLRQ GX SURGXLW Q¶HVW SDV XQ FULWqUH GH FODVVHPHQWª/H SUREOqPH GH O¶RULJLQH
JpRJUDSKLTXHGHVFRPEXVWLEOHVHVWWUDLWpGDQVOHFKDSLWUHFRQVDFUpDX[HQMHX[LQKpUHQWVDX
GpYHORSSHPHQWGXERLVpQHUJLHHWjODVWUXFWXUDWLRQGHVDSSURYLVLRQQHPHQWVGDQVXQHRSWLTXH




/HV VHFWHXUV GH OD SUHPLqUH HW GH OD GHX[LqPH WUDQVIRUPDWLRQ SURGXLVHQW GHV TXDQWLWpV
LPSRUWDQWHV GH GpFKHWV  GRVVHV GpOLJQXUHV FKXWHV GH WURQoRQQDJH VFLXUHV HW pFRUFHV FI





WHUPHV G¶pTXLSHPHQW PDWpULHO HW HQWUDvQHQW XQ VXUFRW G¶LQYHVWLVVHPHQW HW GH PDLQWHQDQFH
PDLVTXLHVWFRPSHQVpSDUOHIDLEOHFRWGHVFRPEXVWLEOHV
'HFRWQHWWHPHQWPRLQGUHSDU UDSSRUWDX[DXWUHVFRPEXVWLEOHVERLV OHVERLVGH UHEXWVRQW
WUqVSULVpV1pDQPRLQVOHXUTXDOLWpYDULDEOHQHOHVUHQGSDVWRXMRXUVDSWHVjXQHYDORULVDWLRQ
pQHUJpWLTXH /HV ERLV VRXLOOpV WUDLWpV RX DGMXYDQWpV VRQW HQ HIIHW HQYR\pV HQ FHQWUH






2EWHQXVSDUFRPSDFWLRQGHVFLXUHVIRXUQLHVSDU OHV LQGXVWULHVGH ODSUHPLqUH WUDQVIRUPDWLRQ






















2EWHQX SDU FDUERQLVDWLRQ GX ERLV HQ DWPRVSKqUH FRQWU{OpH F
HVWjGLUH HQ O¶DEVHQFH
G¶R[\JqQH OH FKDUERQ GH ERLV HVW GpSRXUYX G¶KXPLGLWp HW GH WRXWH PDWLqUH YpJpWDOH RX
RUJDQLTXH ,O HVW FRQVWLWXp XQLTXHPHQW GH FDUERQH HW GH TXHOTXHV PLQpUDX[ 6RQ SRXYRLU
FDORULILTXHHVWQHWWHPHQWVXSpULHXUjFHOXLGHODPDWLqUHOLJQHXVHEUXWH8WLOLVpGDQVOHVHFWHXU
PpWDOOXUJLTXH MXVTX




























/¶XWLOLVDWLRQ GX ERLV SRXU OD SURGXFWLRQ GH FKDOHXU pQHUJLH WKHUPLTXH HVW XQ SKpQRPqQH
DQFLHQOHVSUHPLqUHVWUDFHVGHIR\HUUHPRQWHQWDX[DOHQWRXUVGH±DQV'HPrPHOD
FRPEXVWLRQGXERLVjGHVILQVGHSURGXFWLRQGHFKDOHXUSRXUOHFKDXIIDJHODFXLVLQHHWFHVW
XQ SURFHVVXV XQLYHUVHOOHPHQW XWLOLVp 'DQV FHUWDLQHV ]RQHV UXUDOHV GHV SD\V HQ YRLH GH
GpYHORSSHPHQWODFRQWULEXWLRQpQHUJpWLTXHGHODELRPDVVHV¶pFKHORQQHGHjSOXVGH
GX ELODQ pQHUJpWLTXH JOREDO HW FH SUHVTXH LQWpJUDOHPHQW j GHV ILQV GH SURGXFWLRQ G¶pQHUJLH












HQ SODFH GH GLVSRVLWLIV FRQFHUQDQW O¶HIILFDFLWp pQHUJpWLTXH D HX SRXU FRUROODLUH OH




2UHPXV  OD FRJpQpUDWLRQ UpSRQG j FHV H[LJHQFHV /D FKDOHXU SURGXLWH ORUV GX
SURFHVVXVFRJpQpUDWLISHXW rWUHXWLOLVpH VRXV IRUPHGHYDSHXUG¶HDXFKDXGHRXG¶DLU FKDXG






HW GH OD SROOXWLRQ WKHUPLTXHG¶DXWUH SDUW &HSHQGDQW EHDXFRXS G¶LQVWDOODWLRQV QH VRQW SDV
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
&DUEXUDQWV SURGXLWV j SDUWLU GH ERLV RX GXPRLQV GHPDWLqUH OLJQRFHOOXORVLTXH OHV OLJQR
FDUEXUDQWV VH FODVVHQW GDQV OD FDWpJRULH GHV ELRFDUEXUDQWV UpDOLVpV j SDUWLU GH UHVVRXUFHV
ELRORJLTXHV QRQ DOLPHQWDLUHV %LHQ TXH FHV WHFKQRORJLHV VRLHQW DSSHOpHV j VH GpYHORSSHU
QRWDPPHQW HQ UDLVRQ GH OD FRQWURYHUVH TXH VXVFLWHQW OHV DJURFDUEXUDQWV GH SUHPLqUH











DJURFDUEXUDQWV 0pUHQQH6FKRXPDNHU  &HWWH DEVHQFH GHV OLJQRFDUEXUDQWV GX




2.1. Arbres et matière ligneuse 

6HORQ OD WHUPLQRORJLH GH O¶,)1 ,QYHQWDLUH )RUHVWLHU 1DWLRQDO ©XQ DUEUH HVW XQ YpJpWDO
OLJQHX[ D\DQW XQH WLJH QXH HW QRQ UDPLILpH GqV OD EDVH GH FLQT PqWUHV RX VXVFHSWLEOH




YDULpWp /HV DUEUHV HW HVSqFHV OLJQHXVHV QRQ DUERUHVFHQWHV SHXYHQW WRXV GHX[ WURXYHU GHV
GpERXFKpVGDQV OHGRPDLQHpQHUJpWLTXH'¶XQSRLQWGHYXHPRUSKRORJLTXHHW VWUXFWXUHOXQ
DUEUHVHGpFRPSRVHHQGLIIpUHQWHVSDUWLHVILJXUH







$VVRFLDWLRQ )RUrW &HOOXORVH  OD PDWLqUH OLJQHXVH HVW FRQVWLWXpH GH ERLV FXOWXUHV OLJQHXVHV







x OD FLPH RX KRXSSLHU HVW FRQVWLWXpH G¶XQ HQFKHYrWUHPHQW GH EUDQFKHV GLWHV











OHGRPDLQH LQGXVWULHO OH WURQFSHXWrWUHYDORULVpjGHV ILQVpQHUJpWLTXHVFRPPHERLVEFKH
RX EUR\p HQ SODTXHWWH IRUHVWLqUH /HV UpPDQHQWV GH O¶H[SORLWDWLRQ IRUHVWLqUH EUDQFKHV HW
IHXLOOHV SHXYHQW TXDQW j HX[ rWUH YDORULVpV pQHUJpWLTXHPHQW SDU EUR\DJH j FRQGLWLRQ
WRXWHIRLV G¶HQ ODLVVHU XQH FHUWDLQH TXDQWLWp j WHUUH SRXU SHUPHWWUH OD IRUPDWLRQ G¶KXPXV HW
O¶HQULFKLVVHPHQWGHVVROV$'(0(


















GHX[LqPH WUDQVIRUPDWLRQ DLQVL TXH SRXU OHV IRXUQLVVHXUV GH FRPEXVWLEOHV ERLV TXL GRLYHQW
UpSRQGUHjXQFDKLHUGHVFKDUJHVSUpFLVHQFHTXLFRQFHUQHOHVSDUDPqWUHVSK\VLFRFKLPLTXHV
GHV GHQGURFRPEXVWLEOHV j OLYUHU /¶KXPLGLWp GX FRPEXVWLEOH HVW XQ SDUDPqWUH FOp SRXU OD
GpILQLWLRQTXDOLWDWLYHGXFRPEXVWLEOHDYHFODJUDQXORPpWULHHWODWROpUDQFHGHVFKDXIIHULHVj
FHWWHKXPLGLWpYDFRQGLWLRQQHUODPLVHHQSODFHG¶LQIUDVWUXFWXUHVGHVWRFNDJHHWGHVpFKDJH
2.2. Les espaces boisés forestiers : caractéristiques 
morphologiques et dendrométriques 

6LOHWHUPHGHIRUrWHVWLQWXLWLYHPHQWXWLOLVpSRXUGpVLJQHUOHVHVSDFHVSURGXFWHXUVGHPDWLqUH
OLJQHXVH LO QH UHFRXYUH FHSHQGDQW SDV OD UpDOLWp FRPSOH[H LQKpUHQWH j OD PRUSKRORJLH GHV
HVSDFHV ERLVpV 8QH IRUrW RXPDVVLI IRUHVWLHU HVW XQH pWHQGXH ERLVpH GH GHQVLWp YDULDEOH
FRQVWLWXpHGHSOXVLHXUVDUEUHVHWG¶HVSqFHVDVVRFLpHV'¶XQSRLQWGHYXHERWDQLTXHXQHIRUrW























IRQFWLRQ GH SURGXFWLRQ HVW QXOOH RX DFFHVVRLUH 6HORQ O
,)1 LO V¶DJLW GHV ©IRUrWV
LQH[SORLWDEOHVGHVIRUrWVGRQWOHU{OHGHSURWHFWLRQLQWHUGLWTXHGHVFRXSHV\VRLHQWIDLWHVRX
HQFRUH GHV HVSDFHV YHUWV ERLVpV j EXW HVWKpWLTXH UpFUpDWLI RX FXOWXUHOª /HV IRUrWV GH
SURGXFWLRQ VRQWTXDQWj HOOHVGHV©IRUrWVGLVSRQLEOHVSRXU ODSURGXFWLRQGHERLV F¶HVWj
GLUHR O¶H[SORLWDWLRQGXERLV HVW SRVVLEOH VDQV FRQVLGpUDWLRQGH UHQWDELOLWp pFRQRPLTXH HW
FRPSDWLEOH DYHF G¶pYHQWXHOOHV DXWUHV IRQFWLRQV /HV SHXSOHUDLHV TXL VRQW GHV IRUPDWLRQV
DUERUHVFHQWHVFDUDFWpULVpHVSDUGHVSODQWDWLRQVjF\FOHVFRXUWVHWXQHV\OYLFXOWXUHVSpFLILTXH
VRQW FODVVpHV SDUPL OHV IRUrWV GH SURGXFWLRQª /H SURWRFROH G¶LQYHQWDLUH pWDQW GLIIpUHQW GH
FHOXL GHV DXWUHV IRUrWV H[SOLTXH TX¶HOOHV VRLHQW SDUIRLV H[FOXHV GHV UpVXOWDWV GHV UHOHYpV HQ
GpSLWGHOHXUDSSDUWHQDQFHjODFDWpJRULHGHVIRUrWVGHSURGXFWLRQ

3DUPL OHV HVSDFHV ERLVpV DVVLPLODEOHV j OD VXUIDFH IRUHVWLqUHQRXVSRXYRQV FLWHU OHV ERLV HW
ERTXHWHDX[GHVXSHUILFLHUHVSHFWLYHVXSpULHXUHjKDG¶XQHSDUWHWFRPSULVHHQWUHDUHVHW
 KD G¶DXWUH SDUW &HV IRUPDWLRQV DUERUHVFHQWHV FRPSRUWHQW GHV DUEUHV FDSDEOHV G¶DWWHLQGUH
XQH KDXWHXU VXSpULHXUH j PqWUHV jPDWXULWp LQ VLWX HW XQ FRXYHUW GH SOXV GH  /HXU











x GHV HVSDFHV DJULFROHV DUEUHV LVROpV DOLJQHPHQWV SDUPL GHV WHUUHV FXOWLYpHV RX
SkWXUpHVx GHVHVSDFHVDUWLILFLDOLVpVDOOpHVSDUFVMDUGLQVHWFGHVPLOLHX[XUEDLQHWSpULXUEDLQx HWOHVHVSDFHVQXVGXQHVDQFLHQQHVFDUULqUHVHWF




QRXV SRXYRQV HQ FLWHU XQ FHUWDLQ QRPEUH GRQW OHV FDUDFWpULVWLTXHV PRUSKRORJLTXHV HW OHV
FDSDFLWpV SURGXFWLYHV GLIIqUHQW pQRUPpPHQW ERVTXHWV KDLHV HW DXWUHV DOLJQHPHQWV DUEUHV
LVROpV HWF $LQVL ©OD ILOLqUH SHXW pJDOHPHQW VH IRXUQLU HQ ERLV G¶pODJDJH LVVX GH
O¶DPpQDJHPHQW GHV HVSDFHV YHUWV GHV FROOHFWLYLWpV WHUULWRULDOHV GX QHWWR\DJH GHV ERUGV GH
URXWH RX GH O¶HQWUHWLHQ GHV KDLHV HW GHV HVSDFHV DJULFROHV SDU OHV DJULFXOWHXUV QRWDPPHQWª
3RXSHDX HW DO  /HXU SRWHQWLHO pQHUJLVDEOH HVW WUqV GLIILFLOH j GpWHUPLQHU HQ UDLVRQ
G¶XQHFDUHQFHGHGRQQpHVTXLUHQGjODEDVHGLIILFLOHXQHHVWLPDWLRQGHODUHVVRXUFHOLJQHXVH






0RUSKRORJLTXHPHQWSDUODQWRQGLVWLQJXH WURLV W\SHVGH OLJQHX[KRUVIRUrW IDLVDQWUpIpUHQFH
DX[ WURLVJUDQGV W\SHVGH IRUPHVXWLOLVpHVGDQV ODVpPDQWLTXHJpRJUDSKLTXH OHSRQFWXHO OH
OLQpDLUH HW OH VXUIDFLTXH&H FRQVWDW HVW FRUURERUp SDU $OH[DQGUH HW DO  ©HQ WHUPH
G¶RUJDQLVDWLRQ VSDWLDOH LOV >OHV DUEUHVKRUV IRUrW@ VRQW VRLWGLVSHUVpV VDQVFRQWLQXXPDUEUHV
VLWXpVVXUOHVWHUUHVDJULFROHVHWSDVWRUDOHVVRLWHQDOLJQHPHQWjFRQWLQXXPOLQpDLUHERUGXUHV
GHSDUFHOOHVGHURXWHVGHFDQDX[ OH ORQJGHVFRXUVG¶HDXDXWRXUGHVODFVGDQV OHVYLOOHV
VRLW HQ DJUpJDWV GH GLPHQVLRQ UpGXLWH SUpVHQWDQW XQ FRQWLQXXP VSDWLDO DUEUHV UHJURXSpV HQ
ERVTXHWVSDUFVXUEDLQVª&HWWHKpWpURJpQpLWpHWFHIRUWPRUFHOOHPHQWGHODUHVVRXUFHUHQGHQW
GLIILFLOHO¶HVWLPDWLRQGHVUHVVRXUFHVGHVDUEUHVKRUVIRUrWHWa fortioriOHXUH[SORLWDWLRQjGHV
ILQV pQHUJpWLTXHV RX QRQ 6HXO XQ WUDYDLO SUpFLV j O¶pFKHOOH ORFDOH SHUPHWWUDLW G¶HVWLPHU




/HVDUEUHVKRUV IRUrWV QH IDLVDQWSDV O¶REMHWG¶XQHH[SORLWDWLRQ©LQGXVWULHOOHªSRXU OHERLV
G¶°XYUH HQ UDLVRQGH OHXU IDLEOHGHQVLWp QRXVSDUWRQVGH O¶K\SRWKqVHTXH OHXUPRELOLVDWLRQ
SHXWVHIDLUHXQLTXHPHQWjGHVILQVpQHUJpWLTXHVHWSDUFRQVpTXHQWTX¶LOQ¶\DSDVODPrPH

















6HORQ OH &HQWUH $JURIRUHVWLHU 0RQGLDO O¶DJURIRUHVWHULH VH GpILQLW FRPPH ©XQ V\VWqPH
G\QDPLTXHGHJHVWLRQGHVUHVVRXUFHVQDWXUHOOHVUHSRVDQWVXUGHVIRQGHPHQWVpFRORJLTXHVTXL
LQWqJUH GHV DUEUHV GDQV OHV H[SORLWDWLRQV DJULFROHV HW OH SD\VDJH UXUDO HW SHUPHW DLQVL GH
GLYHUVLILHUHWGHPDLQWHQLUODSURGXFWLRQDILQG¶DPpOLRUHUOHVFRQGLWLRQVVRFLDOHVpFRQRPLTXHV
HW HQYLURQQHPHQWDOHV GH O¶HQVHPEOH GHV XWLOLVDWHXUV GH OD WHUUHª (Q O¶RFFXUUHQFH LO V¶DJLW
G¶LQWURGXLUHGHVUDQJpHVG¶DUEUHVGDQVGHVVXUIDFHVGpGLpHVjODSURGXFWLRQDJULFROHDQLPDOH
V\OYRSDVWRUDOLVPHRXYpJpWDOHDJURV\OYLFXOWXUHGDQVOHEXWG¶DFFURvWUHOHVUHQGHPHQWVHW
GH EpQpILFLHU GH OD FRPSOpPHQWDULWp GH FHV GHX[ W\SHV GH SURGXFWLRQV $PLRW 
/¶REWHQWLRQG¶XQHSDUFHOOH DJURIRUHVWLqUH SHXW pJDOHPHQW VH IDLUH SDU LQWHUYHQWLRQ pFODLUFLH
QRWDPPHQW VXU GHV SDUFHOOHV ERLVpHV  3DU H[WHQVLRQ OHV HVSDFHV DJURIRUHVWLHUV VRQW GHV
SDUFHOOHV GRQW O¶RFFXSDWLRQ GX VRO HVW PDUTXpH SDU OD SUpVHQFH FRQMRLQWH GH UHVVRXUFHV
OLJQHXVHV PRLQV GH  DUEUHV j O¶KHFWDUH HW GH WHUUHV DJULFROHV /j HQFRUH QRXV SRXYRQV
QRWHU XQH JUDQGH KpWpURJpQpLWp GDQV OD FRPSRVLWLRQ GH FHV HVSDFHV GXH j GHV WDX[ GH
ERLVHPHQWHWGHVFRQILJXUDWLRQVWUqVKpWpURJqQHV

/D SURGXFWLRQ GH ERLV GDQV OHV WHUUDLQV DJURIRUHVWLHUV HVW JpQpUDOHPHQW PDUTXpH SDU OD
SURGXFWLRQGHERLVG¶°XYUHELHQTXHOHXUSULVHHQFRQVLGpUDWLRQSRVHSUREOqPHHQUHJDUGGH
OD UpJOHPHQWDWLRQ ILVFDOH DJULFROHGRQWGpSHQGHQW OHV HVSDFHV DJURIRUHVWLHUV$LQVL VHORQ OHV
FKDPEUHV G¶DJULFXOWXUH  GHX[ ORJLTXHVSHXYHQW rWUH DSSOLTXpHV ©VRLW O¶DUEUH HVW XQ
IDFWHXU GH SURGXFWLRQ HW O¶RQ VH VLWXH GDQV XQH ORJLTXH G¶LPPRELOLVDWLRQ VRLW O¶DUEUH HVW
FRQVLGpUpFRPPHXQSURGXLWHQWDQWTXHWHOFHTXLFRUUHVSRQGjXQHORJLTXHGHVWRFN'DQVOH
FDVGHO¶DJURIRUHVWHULHOHVDUEUHVGRLYHQWrWUHFRQVLGpUpVFRPPHXQHLPPRELOLVDWLRQFDULOV
IRQWSDUWLH LQWpJUDQWHGXV\VWqPHGHSURGXFWLRQHW LOV VRQWGHVWLQpVj UHVWHUGXUDEOHPHQWVXU




OD GHPDQGH ,O LQVLVWH QRWDPPHQW VXU OH IDLW TXH OH SULQFLSH GH O¶DJURIRUHVWHULH TXL HVW GH
SURILWHUGHODFRPSOpPHQWDULWpHQWUHOHVDUEUHVHWOHVFXOWXUHVQHSHXWrWUHREWHQX©TXHSRXU
GH IDLEOHV GHQVLWpV G¶DUEUHVª /¶DVVRFLDWLRQ G¶DUEUHV j ODUJH HVSDFHPHQW HW GH FXOWXUHV
LQWHUFDODLUHV SURGXFWULFHV GH ELRPDVVH WHOOHV GHV WDLOOLV j FRXUWH RX WUqV FRXUWH UpYROXWLRQ 






IRUWHPHQW FRQVRPPDWULFHV HW O¶DSSDULWLRQ FRQFRPLWDQWH GHV JURVVHV VRFLpWpV
G¶DSSURYLVLRQQHPHQWGRQWOHEXWHVWGHVpFXULVHUDXPD[LPXPODIRXUQLWXUHGHFRPEXVWLEOHV
WDQW DX QLYHDX GH OD TXDQWLWp TXH GH OD VWDELOLWp GHV SUL[ GDQV OH WHPSV FRQIqUHQW j FHV
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GH WHUUHV DJULFROHV GH MDFKqUHV TXL FRQWULEXHUDLHQW j KDXWHXU GH   GHV   WRQQHV
















/D SUREOpPDWLTXH HVW GLIIpUHQWH GH FHOOH GH O
DJURIRUHVWHULH GDQV ODPHVXUH R OHV FXOWXUHV










GL[ IRLV VXSpULHXUH j FHOOH GHV ERLVHPHQWV FODVVLTXHVª$XVVL HVWLO FRPSUpKHQVLEOH TXH OHV
7&5GHSDUWOHXUIDFLOLWpG¶H[SORLWDWLRQWRSRJUDSKLHSODQHGHVWHUUHVDJULFROHVHWOHXUVERQV
UHQGHPHQWVVXVFLWHQWEHDXFRXSG¶HQJRXHPHQW&HSHQGDQW©LOVHPEOHTX¶LOVVRQWLQWpUHVVDQWV
VHXOHPHQW VL O¶REMHFWLI pQHUJpWLTXH V¶DFFRPSDJQH G¶XQ EXW G¶DPpQDJHPHQW GX WHUULWRLUHª
G¶DSUqV0'RXDUG GLUHFWHXU GH O¶,7(%( &KDPSYDQV GpFHPEUH  FLWp GDQV &67%










GH FRXSHV j EODQF YLVjYLV GH OD FRQVHUYDWLRQ GH OD ELRGLYHUVLWp QRWDPPHQW DLQVL TXH SDU
UDSSRUW DX[HQMHX[ IRQFLHUVTXH OHXUGpYHORSSHPHQWQHPDQTXHUDLWSDVGHJpQpUHU¬QRWUH
VHQV XQ GHV GDQJHUV GHV 7&5 VHUDLW XQH FRORQLVDWLRQ GHV WHUUHV DJULFROHV HQ MDFKqUHV VDQV
SHUVSHFWLYHV G¶DPpQDJHPHQW DX GpWULPHQW GHV UHVVRXUFHV IRUHVWLqUHV H[LVWDQWHV GRQW
O¶H[SORLWDWLRQHVWXQHQMHXPDMHXUHQWHUPHVG¶DPpQDJHPHQWGXWHUULWRLUH

3RXU O¶KHXUH LO Q¶H[LVWH SDV j QRWUH FRQQDLVVDQFH GH SODQWDWLRQV GH 7&5 RX GH 77&5 HQ
)UDQFKH&RPWp %LHQ TXH OHV LPSRUWDQWHV FHQWUDOHV GH FRJpQpUDWLRQ UpVXOWDQW GH O¶DSSHO
G¶RIIUH GH OD &RPPLVVLRQ GH 5pJXODWLRQ GH O¶eQHUJLH SUpYRLHQW OH UHFRXUV j FH W\SH GH
UHVVRXUFHVGDQV OHFDGUHGH OHXUVSODQVG¶DSSURYLVLRQQHPHQW O¶LQFHUWLWXGHTXLSODQHVXUFHV





TXL QH O¶HVW SDV HVW WUqV IORXH FI UHPDUTXH SUpFpGHQWH VXU OHV WHUUHV HQ UHERLVHPHQW /H
JLVHPHQW OLJQHX[ FRQVWLWXp SDU OHV DUEUHV KRUV IRUrW HVW j FH MRXU ODUJHPHQW PpFRQQX
%HOOHIRQWDLQHHW DO &HODHVWSDUWLFXOLqUHPHQWYUDLSRXU OHVSUpERLV FHVHVSDFHVGH
WUDQVLWLRQHQWUHOHVHVSDFHVERLVpVHWOHVSUDLULHVpJDOHPHQWDSSHOpHV©SkWXUDJHVERLVpVªGRQW
O¶pYDOXDWLRQRXODSODFHGDQVOHVFODVVLILFDWLRQVG¶RFFXSDWLRQGHVVROVSRVHSUREOqPH'pILQLV
SDU )HUQH]  FRPPH XQ ©DVVHPEODJH FRPSOH[H GH FRPPXQDXWpV KHUEDFpHV SUDLULH
SHORXVH RXUOHW DUEXVWLYHV IRXUUpPDQWHDX EXLVVRQ HW DUERUHVFHQWHV DUEUHV LVROpV RX HQ
ERVTXHWVSOXVRXPRLQVGHQVHVªOHVSUpERLVSUpVHQWHQWGHIDLWXQHWUqVIRUWHKpWpURJpQpLWp
WDQWDXQLYHDXGXWDX[GHERLVHPHQWTXHGH ODQDWXUHGHVSHXSOHPHQWV$LQVL©ODQDWXUHHW
O¶LPSRUWDQFH UHODWLYHGHFHV FRPSRVDQWV TXLGpWHUPLQHQW VRQDVSHFW VD FRPSRVLWLRQ HW VRQ
G\QDPLVPHSHXYHQWYDULHUFRQVLGpUDEOHPHQWG¶XQSkWXUDJHERLVpjO¶DXWUH,OQ¶\DGRQFSDV
XQSkWXUDJHERLVpPDLVSOXVLHXUV W\SHVGHSkWXUDJHVERLVpVª *DOODQGD HW*LOOHW /H






GH UHVVRXUFHV %LHQ TX
HOOH VRLW ODUJHPHQW PpFRQQXH O¶2IILFH IpGpUDO GX GpYHORSSHPHQW
WHUULWRULDO VXLVVH DIILUPH TXH OH SkWXUDJH ERLVp GRQW OHV FDUDFWpULVWLTXHV SUpVHQWHQW GHV
VLPLOLWXGHV DYHF OHV SUpERLV IUDQFFRPWRLV ©SUpVHQWH XQ SRWHQWLHO ERLVpQHUJLH LPSRUWDQW
>«@HWVRXVH[SORLWpª
/DIRUWHKpWpURJpQpLWpTXLFDUDFWpULVHOHVHVSDFHVSURGXFWHXUVGHERLVpQHUJLHWDQWDXQLYHDX
GH O¶HPSULVH VSDWLDOH TXH GHV FDUDFWpULVWLTXHV OLJQHXVHV HVW XQ IUHLQ LPSRUWDQW j VD
FRQQDLVVDQFHHWa fortiorijVDJHVWLRQHWVRQH[SORLWDWLRQ-XVTX¶jSUpVHQWQRQFRQVLGpUpVGDQV
OHV pWXGHV GH SRWHQWLHO GH ELRPDVVH OHV DUEUHV KRUV IRUrWV Q¶HQ FRQVWLWXHQW SDV PRLQV XQ
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LQWpUHVVDQW JLVHPHQW pQHUJpWLTXH (Q HIIHW FHV UHVVRXUFHV HQ JpQpUDO SHX YDORULVpHV GDQV




WUqV GLYHUVLILpV HW SRXUUDLHQW DYRLU GHV UHWRPEpHV ORFDOHV QRQ QpJOLJHDEOHV HQ PDWLqUH
G¶DPpQDJHPHQW

2.4. Le gisement ligneux franc-comtois





©9HUWH )UDQFKH&RPWp )UDQFKH&RPWp GHV IRUrWV« 6L OD TXDVLWRWDOLWp GHV UpJLRQV
IUDQoDLVHV LQVLVWHQW VXU OHXU DVSHFW UXUDO HW YHUGR\DQW SRXU UHQIRUFHU OHXU LPDJH HW OHXU
































GX WRWDO QDWLRQDO DORUV TX¶HOOH QH FRXYUH TXH GX WHUULWRLUH IUDQoDLVª(W ©VXU 
FRPPXQHVFRPWRLVHVVHXOHPHQWRQWPRLQVGXFLQTXLqPHGH OHXU WHUULWRLUHHQIRUrW >HW@















6L OD )UDQFKH&RPWp VH GLVWLQJXH GHV DXWUHV
UpJLRQV IUDQoDLVHV SDU O¶LPSRUWDQFH GH VRQ













¬ O¶pFKHOOH QDWLRQDOH OD VLWXDWLRQ HVW LQYHUVpH  OHV WURLV TXDUWV GH OD IRUrW IUDQoDLVH
DSSDUWLHQQHQW HQ HIIHW j GHV SURSULpWDLUHV SULYpV DORUV TXH O¶21) JqUH OHV TXDWUH PLOOLRQV
G¶KHFWDUHV UHVWDQWV GH IRUrWV SXEOLTXHV ILJXUH  &HWWH FDUWH Q
HVW FHSHQGDQW SDV WUqV

 /HV VRXUFHV GLYHUJHQW j FH VXMHW OH WDX[ GH ERLVHPHQW GH O¶$TXLWDLQH D\DQW YLVLEOHPHQW GLPLQXp GHSXLV OD
GHUQLqUHWHPSrWHOD)UDQFKH&RPWpVHUDLWGqVORUVODSUHPLqUHUpJLRQIUDQoDLVHSDUVRQWDX[GHERLVHPHQW
$VVRFLDWLRQUpJLRQDOHSRXUOHGpYHORSSHPHQWGHODIRUrWHWGHVLQGXVWULHVGXERLVHQ)UDQFKH&RPWp













DX[ FRPPXQHV 'DQV OH FDGUH G¶XQH YRORQWp GH YDORULVDWLRQ pQHUJpWLTXH GHV UHVVRXUFHV
OLJQHXVHV SDU XQH FROOHFWLYLWp FHWWH FDUDFWpULVWLTXHSHXW rWUH XQ DWRXW DLQVL © OHV IRUrWV GH











FRQILJXUDWLRQ VSDWLDOH GHV SHXSOHPHQWV TXH GHV HVVHQFHV /HV FDUDFWpULVWLTXHV GX FRXYHUW







TXH OHXU ULFKHVVH pFRORJLTXH HW SD\VDJqUH 3HQVRQV QRWDPPHQW j OD IRUrW GH &KDX[ TXL
FRQVWLWXHODGHX[LqPHSOXVJUDQGHIRUrWIHXLOOXHGH)UDQFHDYHFXQHVXSHUILFLHVXSpULHXUHj
KHFWDUHVRXj OD IRUrWGH-RX[GDQV OH-XUDTXLHVW O¶XQHGHVSOXVEHOOHVVDSLQLqUHV GH
)UDQFH
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/HVFRQGLWLRQVSpGRORJLTXHV LQWULQVqTXHPHQW OLpHVj ODQDWXUH OLWKRORJLTXHGX VXEVWUDWRQW
XQHLQIOXHQFHGLUHFWHVXUOHVFDUDFWpULVWLTXHVGHVERLVHPHQWV$LQVLOHPDVVLIGHOD6HUUHRXOHV
9RVJHV6D{QRLVHVVRQW WUqVERLVpVQRWDPPHQWHQUDLVRQGH O¶DFLGLWpGH OHXUVVROV OLpHjXQ
VXEVWUDWJUpVHX[VFKLVWHX[RXJUDQLWLTXHSHXSURSLFHVDX[FXOWXUHV$O¶LQYHUVHOHVSODLQHV
DOOXYLDOHV QpHV G¶DSSRUWV DOOXYLDX[ UpFHQWV VRQW JpQpUDOHPHQW GHV WHUUHV j YRFDWLRQ DJULFROH











4XDQW DX[ FRQGLWLRQV FOLPDWLTXHV HOOHV VRQW SOXW{W SURSLFHV j OD SUpVHQFH GH OD IRUrW OD
)UDQFKH&RPWp pWDQW FDUDFWpULVpH SDU XQ FOLPDW VHPLFRQWLQHQWDO -RO\  /HV
SUpFLSLWDWLRQV DERQGDQWHV WRXWH O¶DQQpH FRPSHQVHQW HQ JpQpUDO DYDQWDJHXVHPHQW OHV HIIHWV
QpJDWLIVGHODVpFKHUHVVHHVWLYDOHUHODWLYH
x L’étagement forestier 
'DQV OHV EDVVHV SODLQHV  PqWUHV G¶DOWLWXGH OHV FKrQHV SpGRQFXOpV RX URXYUHV
GRPLQHQW 2Q WURXYH pJDOHPHQW HQ SURSRUWLRQ PRLQGUH GHV KrWUHV FKDUPHV PHULVLHUV
pUDEOHVHWF6XUOHVSHQWHVGXSUHPLHUSODWHDXPqWUHVOHFKrQHSXEHVFHQWGRPLQH
6XU OH SUHPLHU SODWHDX MXVTX¶j PGpEXWH O¶pWDJHPRQWDJQDUG LQIpULHXU/HV IRUPDWLRQV
ERLVpHV UHVWHQW ODUJHPHQW UHSUpVHQWpHV SDU OHV FKrQHV HW OHV KrWUHV /HV SHQWHV HQWUH OHV
SUHPLHUVHWVHFRQGVSODWHDX[PDUTXHQWXQHFRXSXUHGDQVOHVSHXSOHPHQWVIRUHVWLHUVFRPWRLV
OHV FRQLIqUHV \ WURXYHQW GH PHLOOHXUHV FRQGLWLRQV GH GpYHORSSHPHQW HW GHYLHQQHQW GH IDLW
PDMRULWDLUHV IDFHDX[ IHXLOOXV&HVGHUQLHUVVRQW ODUJHPHQW UHSUpVHQWpVSDU OHVKrWUHV6XU OH
GHX[LqPHSODWHDXGHjPqWUHVG¶DOWLWXGHOHVUpVLQHX[GHYLHQQHQWXOWUDPDMRULWDLUHV
HWOHVpSLFpDVVHSDUWDJHQWOHVSHXSOHPHQWVDYHFOHVVDSLQV6XUOD+DXWH&KDvQHDXGHVVXVGH
PqWUHV OH VDSLQ VH UDUpILH DX SURILW GH O¶pSLFpD SOXV DSWH j VXSSRUWHU OHV FRQGLWLRQV
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
FOLPDWLTXHV GHYHQXHV WUqV ULJRXUHXVHV /HV SOXV KDXWV VRPPHWV VRQW FDUDFWpULVpV SDU GHV
SHORXVHVG¶DOWLWXGH







x Les essences majoritaires et les modes de gestion 
6L O
HQYLURQQHPHQWQDWXUHOH[SOLTXHHQSDUWLH ODVWUXFWXUHDFWXHOOHGHVERLVHPHQWV OHIDFWHXU
DQWKURSLTXHGRLW pJDOHPHQWrWUHFRQVLGpUpFDU OD IRUrWHVWDXVVLFRQGLWLRQQpHSDU OHVPRGHV




OD SDUFHOOH TXL HPSrFKH OD FURLVVDQFH GH JURV DUEUHV /HV UpVLQHX[ D\DQW SOXV GH PDO j
SURGXLUHGHV UHMHWV FHPRGHGH WUDLWHPHQW IDYRULVHGHVHVSqFHVFRPPH OHFKrQH/HV WDLOOLV







































SDUFHOOHPDLV FKDTXH DUEUH RX FKDTXH ERXTXHW G¶DUEUHV HVW WUDLWp VpSDUpPHQW (Q )UDQFKH
&RPWpOHVIXWDLHVUpJXOLqUHVVRQWVXUWRXWUHSUpVHQWpHVVXUOHVSODWHDX[PR\HQVGX-XUDHWOHV
9RVJHV 6D{QRLVHV /H WDLOOLVVRXVIXWDLH TXL HVW FRQVWLWXp SDU XQH VWUDWH GH KDXWV DUEUHV DX





&RPWp VH FDUDFWpULVH SDU XQH SUpGRPLQDQFH GH IHXLOOXV  GRQW OD SDUW HVW XQ SHX SOXV
pOHYpH TX¶DX QLYHDX QDWLRQDO ,16((  /H FKrQH HVVHQFHPDMRULWDLUH GDQV OD UpJLRQ
UHSUpVHQWHGHVIHXLOOXV6RQLPSRUWDQFHFRQWLQXHGHV¶DFFURvWUHPrPHVLVDSURJUHVVLRQ
HVWPRLQGUHTXHFHOOHGHODKrWUDLHTXLUHSUpVHQWHGHVVXUIDFHVERLVpHV6HORQO¶,)1OD
+DXWH6D{QHGpWLHQW j HOOH VHXOHGHV FKrQHV HW GX WRWDO GHV IHXLOOXV HQ)UDQFKH
&RPWp DORUVTXH OH'RXEVHW OH -XUD VHSDUWDJHQW pTXLWDEOHPHQW O¶DXWUHPRLWLpGHV IHXLOOXV
'DQVOHV9RVJHV6D{QRLVHVFULVWDOOLQHVOHVWDLOOLVGHIHXLOOXVUHSUpVHQWHQWSUHVTXHXQWLHUVGHV
IRUrWV IHXLOOXHV /HV WDLOOLV VLPSOHV Q¶RFFXSHQW DLOOHXUV TX¶XQH SURSRUWLRQ UpGXLWH /D
SUpSRQGpUDQFHGX WDLOOLV VRXVIXWDLHGH IHXLOOXV DSRXU FRURODLUHXQ IDLEOHYROXPHJOREDO HQ
FRPSDUDLVRQDX[  IRUrWVGHFRQLIqUHVGHVVHFRQGVSODWHDX[RXGHVVDSLQLqUHVGRPDQLDOHVGX
'RXEV ,O FRQYLHQW QpDQPRLQV GH SUpFLVHU TXH OHV PRGHV GH JHVWLRQ RQW XQH LQIOXHQFH




(Q FH TXL FRQFHUQH OHV UpVLQHX[ LOV RFFXSHQW SUqV G¶XQ WLHUV GH OD IRUrW UpJLRQDOH DYHF
HVVHQWLHOOHPHQWGHVVDSLQVHWGHVpSLFpDV&HVGHX[HVVHQFHVVRQWWUqVODUJHPHQWPDMRULWDLUHV
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SXLVTX¶HOOHV UHSUpVHQWHQW  GX YROXPH GH UpVLQHX[ VXU SLHG HW FRQVWLWXHQW OHV HVVHQFHV
SUpSRQGpUDQWHVVXUSOXVGHKHFWDUHVVRLWGHODVXUIDFHERLVpHIUDQFFRPWRLVH/H
VDSLQ HVW WUqV SUpVHQW GDQV OH +DXW-XUD HW VXU OH GHX[LqPH SODWHDX GX -XUD O¶pSLFpD O¶HVW






















FDXVH GH OD GLPLQXWLRQ GHV VXUIDFHV DJULFROHV DEDQGRQ GHV H[SORLWDWLRQV QRQ UHQWDEOHV HW
DXJPHQWDWLRQGHVUHQGHPHQWV/¶H[WHQVLRQGHVVXUIDFHVERLVpHVFRUUpOpHjGHVSUpOqYHPHQWV
LQIpULHXUV DX[ TXDQWLWpV GH ERLV UpJpQpUpHV FKDTXH DQQpH FRQGXLW DX FRQVWDW G¶XQH VRXV
H[SORLWDWLRQGHODIRUrWFRPWRLVH/HVFDXVHVGHFHWWHVRXVH[SORLWDWLRQVRQWPXOWLSOHV%DOOX






6HORQ O¶,16((  ©HQ )UDQFKH&RPWp OH YROXPH VXU SLHG PR\HQ HVW DLQVL HVWLPp j
HQYLURQPGHERLVjO¶KHFWDUHHWODSRXVVHQDWXUHOOHjHQYLURQPKDSDUDQ3OXVGH










SOXV MHXQH SRXU GHV HVSqFHV FRPPH OH GRXJODV RX O
pSLFpD 6HORQ OHVPrPHV VRXUFHV FHWWH
VRXVH[SORLWDWLRQ HVW SOXV LPSRUWDQWH GDQV OH7HUULWRLUH GH%HOIRUW HW HQ+DXWH6D{QH GDQV
XQHPRLQGUHPHVXUHHWO¶HVWPRLQVGDQVOH'RXEVHWOH-XUDPDOJUpXQDFFURLVVHPHQWQDWXUHO
SOXV pOHYp /D VRXVH[SORLWDWLRQ HVW SDUWLFXOLqUHPHQW IRUWH SRXU OHV UpVLQHX[ $XWUH IDLW
QRWDEOH j FHV YROXPHV QRQ YDORULVpV V¶DMRXWH XQH YDORULVDWLRQ LQVXIILVDQWH GHV UpPDQHQWV
SRXYDQW WURXYHUGHVGpERXFKpVGDQVOHGRPDLQHpQHUJpWLTXH&HFRQVWDWHVW LQWpUHVVDQWGDQV
XQ FRQWH[WH G












&KDTXH FKDXIIHULH HVW FDUDFWpULVpH SDU XQ FHUWDLQ QRPEUH GH SDUDPqWUHV GDWH GH PLVH HQ
VHUYLFH W\SH GH FRPEXVWLEOH FRQVRPPDWLRQ VHFWHXU W\SH SXLVVDQFH W\SH GH FRQWUDW
G¶H[SORLWDWLRQ HWF 6HORQ 3RXsW  OHV SDUDPqWUHV FOpV G¶XQH FKDXIIHULH VRQW ©OD
SXLVVDQFH PD[LPDOH QpFHVVDLUHª HW ©OHV EHVRLQV G¶pQHUJLHª  &HV GHX[ SDUDPqWUHV
GpWHUPLQHQW OHV TXDQWLWpV GH ERLV FRQVRPPpHV SOXV OD SXLVVDQFH GH OD FKDXIIHULH HVW
LPSRUWDQWHSOXVO¶LQVWDOODWLRQHVWpQHUJLYRUHHWODWROpUDQFHjFHUWDLQVW\SHVGHFRPEXVWLEOHV
3.1. Éléments constitutifs d’une chaufferie bois 

6HORQ 3RXsW  XQH FKDXIIHULH ERLV DXWRPDWLTXH HVW XQ HQVHPEOH GH SURGXFWLRQ GH
FKDOHXUFRPSUHQDQWTXDWUHpOpPHQWVHVVHQWLHOVDGDSWpVjO¶XWLOLVDWLRQG¶XQFRPEXVWLEOHVROLGH













PpFDQLVPHVGHGHVVLODJHHWGHFRQYR\DJHYHUV OD FKDPEUHGHFRPEXVWLRQ IR\HU$SUqV OD
FRPEXVWLRQOHVIXPpHVVRQWWUDLWpHVHWOHVFHQGUHVFROOHFWpHV
3.2. Secteurs types 





ERLV RX GHV GpFKHWV GH ERLV SRXU OH FKDXIIDJH GH OHXU KDELWDW TXH FH VRLW HQ FRPEXVWLEOH
SULQFLSDO HQ EDVH RX HQ DVVRFLDWLRQ DYHF G¶DXWUHV FRPEXVWLEOHV HQ DSSRLQW UpJXOLHU RX
H[FHSWLRQQHOª '*(03 /H FRPEXVWLEOH XWLOLVp HVW PDMRULWDLUHPHQW GX ERLVEFKH
/¶pYROXWLRQ UpFHQWH GHV DSSDUHLOV D QpDQPRLQV SRXU FRUROODLUH XQH DXJPHQWDWLRQ GH
O¶XWLOLVDWLRQ GH JUDQXOpV'DQV FH VHFWHXU VRQW pJDOHPHQW FRPSWDELOLVpHV OHV LQVWDOODWLRQV GH















/H VHFWHXU FROOHFWLIWHUWLDLUH ©UHFRXYUH TXDQW j OXL O¶HQVHPEOH GX FKDXIIDJH FROOHFWLI SDU
FKDXGLqUHERLVDYHFRXVDQVUpVHDXGHFKDOHXUSRXUO¶KDELWDWUpVLGHQFHV+/0HWOHWHUWLDLUH
EXUHDX[ EkWLPHQWV DGPLQLVWUDWLIV K{SLWDX[ pFROHV«ª DFWXHQYLURQQHPHQW 6HORQ
3RXsW©SRXUGHVFKDXIIHULHVFROOHFWLYHVGDQVOHVHFWHXUGHO¶KDELWDWHWGXWHUWLDLUHRQ
GLVWLQJXH GHX[ JUDQGHV IDPLOOHV GH SURMHWV VHORQ OHV EHVRLQV j VDWLVIDLUH FHX[ GX PDvWUH
G¶RXYUDJH VWULFWR VHQVX HW FHX[GHSOXVLHXUVXVDJHUVGLVWLQFWVGXPDvWUHG¶RXYUDJHª HWTXL
LPSOLTXHQWODFUpDWLRQG¶XQUpVHDXGHFKDOHXU&HVHFWHXUUHFRXYUHGHVJDPPHVGHSXLVVDQFHV
WUqV YDULpHV V¶pFKHORQQDQW GH  N: SRXU OH ©SHWLW FROOHFWLIª j SOXVLHXUV 0: SRXU OHV
JURVVHV FKDXIIHULHV XUEDLQHV DYHF UpVHDX GH FKDOHXU (Q )UDQFKH&RPWp OHV SXLVVDQFHV










(QILQ OH VHFWHXU DJULFROHSHXW pJDOHPHQW rWUH DPHQpjXWLOLVHU OHERLVSRXU OH FKDXIIDJHGH
VHUUHV PDUDLFKqUHV HW KRUWLFROHV HVVHQWLHOOHPHQW PDLV DXVVL GDQV OH VHFWHXU GH O¶pOHYDJH
SRXODLOOHUV SRUFKHULHV HW OHV DWHOLHUV GH WUDQVIRUPDWLRQ IURPDJHULH ERXODQJHULH /HV
DJULFXOWHXUVSHXYHQWpJDOHPHQWPHWWUHHQSODFHXQHFKDXIIHULHERLVSRXUOHFKDXIIDJHGHOHXUV
PDLVRQV LQGLYLGXHOOHV RX GH SHWLWV UpVHDX[ FROOHFWLIV $GKXPH &H VHFWHXU HVW WUqV SHX
UHSUpVHQWpHQ)UDQFKH&RPWpSDUUDSSRUWDX[DXWUHVFLQTFKDXIIHULHVjO¶pFKHOOHGHODUpJLRQ






1RXV QH FRQVLGpURQV LFL TXH O¶DSSURYLVLRQQHPHQW GHV LQVWDOODWLRQV GHV VHFWHXUV
FROOHFWLIWHUWLDLUH HW LQGXVWULHO KRUV LQGXVWULH GX ERLV QH IRQFWLRQQDQW SDV HQ DXWR
DSSURYLVLRQQHPHQW FDU FH VRQW OHV VHFWHXUV GRQW OD FURLVVDQFH HVW OD SOXV UDSLGH HW TXL
VRXOqYHQW OH SOXV G¶LQWHUURJDWLRQV/D ILJXUH  UpFDSLWXOH O¶HQVHPEOH GHV pOpPHQWV DERUGpV
GDQVFHFKDSLWUHHQUHFDGUDQWOHVDVSHFWVWUDLWpVGDQVOHFDGUHGHFHVWUDYDX[

/HV LQGXVWULHVGXERLVGLVSRVDQWG¶XQHFKDXIIHULHSHXYHQWSDUIRLVQpDQPRLQV IDLUH O¶DSSRLQW DYHFXQDSSRUW
H[WpULHXU HQ FRPEXVWLEOH &HOD HVW QpDQPRLQV SHX IUpTXHQW HW OD SURSRUWLRQ GH FRPEXVWLEOHV H[RJqQH HVW HQ
JpQpUDOLQILPH























SDU WRUUpIDFWLRQHWELHQW{WFDUEXUDQW OLTXLGHSDUFUDTXDJHjKDXWH WHPSpUDWXUH$LQVL OHERLV
SUHPLqUH VRXUFH G
pQHUJLH KLVWRULTXHPHQW XWLOLVpH SDU O
KRPPH VH UHWURXYHWLO DXMRXUG
KXL
GDQV OD FDWpJRULH GHV ©pQHUJLHV QRXYHOOHVª SODFpHV VRXV OHV SURMHFWHXUV SROLWLTXHV
PpGLDWLTXHVHWVFLHQWLILTXHV$YRFDWHWDO6L OHVHFWHXUGRPHVWLTXHUHVWH OHSULQFLSDO
FRQVRPPDWHXUGHERLVpQHUJLHHVVHQWLHOOHPHQWVRXVIRUPHGHERLVEFKHODGHPDQGHGDQV
OH VHFWHXU FROOHFWLI WHUWLDLUH FURvW GHPDQLqUH WUqV LPSRUWDQWH GHSXLV XQH YLQJWDLQH G
DQQpHV
VRXV O
LPSXOVLRQ GH QRPEUHX[ GLVSRVLWLIV GH VRXWLHQ j OD ILOLqUH /D )UDQFKH&RPWp UpJLRQ
SURSLFHDXGpYHORSSHPHQWGXERLVpQHUJLHHQUDLVRQGHVRQLPSRUWDQWJLVHPHQWOLJQHX[DYX
OH QRPEUH GH VHV FKDXIIHULHV FROOHFWLYHV DXJPHQWHU GH IDoRQ H[SRQHQWLHOOH FH TXL SRVH XQ
FHUWDLQ QRPEUH G
LQWHUURJDWLRQV UHODWLYHV j O
























WHSª $'(0(  QRXV DVVLVWRQV pJDOHPHQW GHSXLV GHX[ GpFHQQLHV j XQ WUqV IRUW
GpYHORSSHPHQWGH ODFRQVRPPDWLRQGHQGURpQHUJpWLTXHGDQV OHVVHFWHXUVFROOHFWLIWHUWLDLUHHW
LQGXVWULHO VRXV O¶LPSXOVLRQ GHV GLIIpUHQWHV SROLWLTXHV PLVHV HQ SODFH )RUW G¶XQ FHUWDLQ
QRPEUH GH FRQVWDWV H[SDQVLRQ HW VRXVYDORULVDWLRQ GH OD IRUrW IUDQoDLVH HQMHX[
HQYLURQQHPHQWDX[JpRSROLWLTXHVHWpFRQRPLTXHV« OH*RXYHUQHPHQWvia VHVPLQLVWqUHVHW









1.1. L’énergie dans la politique forestière

/¶H[SORLWDWLRQ GH OD PDWLqUH OLJQHXVH j GHV ILQV pQHUJpWLTXHV HVW XQH GHV ILQDOLWpV GH




'DQV OH OLYUH SUpOLPLQDLUH GX FRGH IRUHVWLHU SRUWDQW VXU OHV SULQFLSHV IRQGDPHQWDX[ GH OD
SROLWLTXH IRUHVWLqUH LO HVW VWLSXOp TXH ©OD PLVH HQ YDOHXU HW OD SURWHFWLRQ GHV IRUrWV VRQW
UHFRQQXHV G













G¶RULHQWDWLRQ IRUHVWLqUHGH/H UDSSRUW%LDQFR©la forêt, une chance pour la France ª
%LDQFRPDUTXHVHORQ%DUWKRGHWDOXQHpWDSHLPSRUWDQWHGDQVODFRQVWUXFWLRQ
GH OD VWUDWpJLH IRUHVWLqUH QDWLRQDOH HQ V¶LQWHUURJHDQW VXU OHV DYHQLUV SRVVLEOHV SRXU OD IRUrW
IUDQoDLVHHWHQHVVD\DQWGHSURSRVHU©XQGRFXPHQWRSpUDWLRQQHOHWQRQXQHVLPSOHFKDUWHRX
XQH GpFODUDWLRQ G¶LQWHQWLRQª &H GRFXPHQW SURSRVH XQH VWUDWpJLH IRUHVWLqUH UHSRVDQW VXU
TXDWUH D[HVPDMHXUV DXJPHQWDWLRQ GH OD SURGXFWLYLWpPLVH HQ SODFH G¶XQH FHUWLILFDWLRQ GH
JHVWLRQGXUDEOH LQFLWDWLRQj O¶XVDJHGXERLVGDQV ODFRQVWUXFWLRQHWHQILQGpYHORSSHPHQWGX
ERLVpQHUJLH OH WRXWGDQVXQFDGUHWHUULWRULDOFRQWUDWVGHWHUULWRLUHGRQW OHSULQFLSHGHEDVH









Enjeux et problématiques liés à la valorisation énergétique de la biomasse ligneuse 
_________________________________________________________________________________  

x 9DORULVHU OD IRUrW QRWDPPHQW SDU OH ELDLV GH FRQWUDWV G¶DSSURYLVLRQQHPHQWV DYHF OHV
LQGXVWULHVx &RQIRUWHUODJHVWLRQGXUDEOHGHVIRUrWVx 'pYHORSSHU OD YDORULVDWLRQ GH OD ELRPDVVH IRUHVWLqUH F
HVWjGLUH HQFRXUDJHU
O¶XWLOLVDWLRQGXERLVpQHUJLH$LQVLO¶DUWLFOH/GXFRGHIRUHVWLHUOLYUHSUpOLPLQDLUHVXU
OHV SULQFLSHV IRQGDPHQWDX[ GH OD SROLWLTXH IRUHVWLqUH SUpFLVH TXH ©OD JHVWLRQ
IRUHVWLqUH HW OD YDORULVDWLRQ GHV SURGXLWV IRUHVWLHUV FRQWULEXHQW j OD UpGXFWLRQ GHV
pPLVVLRQV QDWLRQDOHV GH JD] j HIIHW GH VHUUH HW DX GpYHORSSHPHQW GHV pQHUJLHV
UHQRXYHODEOHV ¬ FH WLWUH HOOHV RQW YRFDWLRQ j SDUWLFLSHU DX[ PpFDQLVPHV GH PDUFKp
GHVWLQpVjKRQRUHUOHVHQJDJHPHQWVLQWHUQDWLRQDX[HQODPDWLqUHªx 6HPRELOLVHUGDQVOHVGpPDUFKHVLQWHUQDWLRQDOHVHWFRPPXQDXWDLUHVFRQFHUQDQWODIRUrW

/HV OLJQHV GLUHFWULFHV GH OD SROLWLTXH IRUHVWLqUH IUDQoDLVH GDQV OHV DQQpHV j YHQLU VHURQW
LQVSLUpHV GX 3URJUDPPH )RUHVWLHU 1DWLRQDO LQLWLp SDU OH0LQLVWqUH GH O¶DJULFXOWXUH HW GH OD
SrFKHSRUWDQWVXUODSpULRGH0LQLVWqUHGHO¶DJULFXOWXUHHWGHODSrFKH3RXU
DWWHLQGUH FHV REMHFWLIV XQ FHUWDLQ QRPEUH GH PR\HQV HW G¶DFWLRQV VRQW PLV HQ SODFH SDU





PDMHXUV GH OD SROLWLTXH IRUHVWLqUH IUDQoDLVH LO Q¶\ D SRXU O¶KHXUH SDV GH ORLV RX GH GpFUHWV
LPSRVDQW GHV REMHFWLIV TXDQWLWDWLIV GH ELRPDVVH IRUHVWLqUH j YRFDWLRQ pQHUJpWLTXH 6L
O¶XWLOLVDWLRQ GX ERLVpQHUJLH HVW SU{QpH GDQV O¶HQVHPEOH GHV WH[WHV FRQVWLWXWLIV GX &RGH
)RUHVWLHU HW TXH O¶eWDW MRXH XQ U{OH SUpSRQGpUDQW GDQV VRQ pODERUDWLRQ LO Q¶\ D ULHQ GH
YUDLPHQW LPSRVp OHV ORLV UHVWDQW GHV ORLV G¶RULHQWDWLRQ GpILQLVVDQW GHV REMHFWLIV JpQpUDX[ j
DWWHLQGUH /HV GLUHFWLYHV HW PHVXUHV G¶DFWLRQ FRQFUqWHV HQ IDYHXU GH O¶DXJPHQWDWLRQ GH OD
UpFROWHIRUHVWLqUHjGHVILQVpQHUJpWLTXHVVRQWJpQpUDOHPHQWPLVHVHQ°XYUHDXQLYHDXORFDO
3RXSHDXHWDOPHWWHQWQpDQPRLQVHQDYDQWXQSKpQRPqQHLQWpUHVVDQWSDUUDSSRUWDX[
SUREOpPDWLTXHV GH OD VWUXFWXUDWLRQ GH O¶RIIUH HW GHV SROLWLTXHV G¶LQWHQVLILFDWLRQ GH OD
SURGXFWLRQ TXL FRQVWLWXHQW VHORQ OXL GH QRXYHDX[ HQMHX[ SRXU OHV SRXYRLUV SXEOLFV 'H
QRXYHOOHVDFWLRQV©HQDPRQWGHODILOLqUHVXUODGLVSRQLELOLWpGHODUHVVRXUFHªYRLHQWDLQVLOH
MRXUGDQVOHFDGUHGHVFRQWUDWVGHSODQVeWDW5pJLRQVHQFROODERUDWLRQDYHF OHV'5$)HW OH
&53)GDQV OHEXWG¶LQWHQVLILHU ODSURGXFWLRQHQDOODQWFKHUFKHU ODPDWLqUHSUHPLqUHSOXVHQ
SURIRQGHXU GDQV GHV SDUFHOOHV MXVTXH Oj PDO GHVVHUYLHV YRLUH GpODLVVpHV 'HV VXEYHQWLRQV










FHV GLIIpUHQWV DFWHXUV 6L OHV FRPSpWHQFHV pWDWLTXHV MRXHQW XQ U{OH SUpSRQGpUDQW GDQV OD






0RQLQDIILUPHTXH©VL ODSULVHHQFRPSWHGX ORQJWHUPHHW OHVIRQGHPHQWVG¶LQWpUrW
SXEOLFGHODSROLWLTXHIRUHVWLqUHUHVWHQWWRXMRXUVWUqVSUpVHQWVOH&RGH)RUHVWLHUHWOH5pJLPH
)RUHVWLHU KLVWRULTXHPHQWEDVpV VXUXQ IRUW HQFDGUHPHQWSDU O¶eWDW GHVSURSULpWpV IRUHVWLqUHV
SULYpHVHWGHVIRUrWVGHVFROOHFWLYLWpVVHVRQWDGDSWpVjO¶pYROXWLRQGXFRQWH[WHpFRQRPLTXHHW
VRFLDO HW DX PRXYHPHQW GH GpFRQFHQWUDWLRQGpFHQWUDOLVDWLRQ FDUDFWpULVWLTXH GHV GHUQLqUHV
GpFHQQLHVª$LQVLO¶DUWLFOHGX&RGH)RUHVWLHUVWLSXOHTXH©ODSROLWLTXHIRUHVWLqUHUHOqYHGH
ODFRPSpWHQFHGHO¶(WDWTXLHQDVVXUHODFRKpUHQFHQDWLRQDOHªHWSUpFLVHpJDOHPHQWTXH©OHV
FROOHFWLYLWpV WHUULWRULDOHV HW OHXUV JURXSHPHQWV SHXYHQW SDVVHU GHV FRQWUDWV DYHF O¶eWDW
QRWDPPHQWGDQVOHFDGUHGHV&KDUWHV)RUHVWLqUHVGH7HUULWRLUHHQYXHGHFRQFRXULUjODPLVH
HQ°XYUH GH FHWWH SROLWLTXHª 8QH VpULH GH  GRFXPHQWV GH SODQLILFDWLRQ HW G¶DPpQDJHPHQW
IRUHVWLHU VRQW GqV ORUV pWDEOLV FRQILUPDQW O¶LQWpUrW GX ERLVpQHUJLH $'(0( 






VRFLpWp DPpQDJHPHQW GX WHUULWRLUH HW FRPSRUWH GHV RULHQWDWLRQV VSpFLILTXHV UHODWLYHV j OD
YDORULVDWLRQGXSRWHQWLHOIRUHVWLHUORFDOERLVG¶°XYUHERLVGLIIXVHWGXSRWHQWLHOpQHUJpWLTXH
&HV GRFXPHQWV QH GHPHXUHQW QpDQPRLQV TXH GHV SUpFRQLVDWLRQV WRXW FRPPH OHV GLUHFWLYHV




FRQFHUQDQW OD IRUrW SULYpH SUpFRQLVDQW GHVPpWKRGHV GH JHVWLRQ DX YX GHV REMHFWLIV GpILQLV
GDQVOHVSROLWLTXHVIRUHVWLqUHV/H65*6GHODUpJLRQ)UDQFKH&RPWpFRQVDFUHXQFKDSLWUHDX
ERLVpQHUJLH HQ HQFRXUDJHDQW OD SURGXFWLRQ GH SODTXHWWHV IRUHVWLqUHV TXL HVW ©OH YpULWDEOH
SRWHQWLHOGHGpYHORSSHPHQWGH OD ILOLqUHERLVpQHUJLHª©OD ILOLqUHSODTXHWWH UHSUpVHQWHXQH
RSSRUWXQLWpPDMHXUHSRXUOHPRQGHIRUHVWLHUFDUHOOHRIIUHXQGpERXFKpFRPPHUFLDODX[ERLV
QRQPDUFKDQGV SUHPLqUHV pFODLUFLHV VRXVSURGXLWV G¶H[SORLWDWLRQ«ª )RUrW 3ULYpH
)UDQoDLVH




F/HV&KDUWHV)RUHVWLqUHVGH7HUULWRLUH &)7VRQWGHV LQLWLDWLYHV ORFDOHV WpPRLJQDQWG¶XQH
YRORQWpG¶RUJDQLVDWLRQWHUULWRULDOHGHODILOLqUHIRUrWERLVHWGHQGURpQHUJpWLTXH,QVWDXUpHVSDU
O¶DUWLFOH/GHODORLG¶RULHQWDWLRQVXUODIRUrWOHV&)7VRQWGHVGRFXPHQWVGHSODQLILFDWLRQ
GHVWLQpV j PHWWUH HQ °XYUH XQH VWUDWpJLH PXOWLIRQFWLRQQHOOH GH  OD ILOLqUH IRUrWERLV
SURJUDPPH G¶DFWLRQ SOXULDQQXHO SRXU GHV WHUULWRLUHV MXJpV SHUWLQHQWV HQ UHJDUG GH OHXUV
SRWHQWLDOLWpV OLJQHXVHV SDUFV QDWXUHOV UpJLRQDX[ pWDEOLVVHPHQWV SXEOLFV GH FRRSpUDWLRQ
LQWHUFRPPXQDOH SD\VHWF/D&)7GHSDUVHVREMHFWLIVpFRQRPLTXHVGHUHQIRUFHPHQWGH
GLYHUVLILFDWLRQ HW GH VWUXFWXUDWLRQ GH OD SURGXFWLRQ GHV SURGXLWV IRUHVWLHUV ORFDX[ HQFRXUDJH
IRUWHPHQWODYDORULVDWLRQpQHUJpWLTXHGHODELRPDVVHOLJQHXVH

6L SRXU O¶KHXUH O¶pFKHORQ UpJLRQDO UHVWH HQFRUH XQ SHX IUDJLOH HQPDWLqUH GH SODQLILFDWLRQ
IRUHVWLqUHQRWDPPHQWHQUDLVRQG¶XQPDQTXHGHPR\HQV6HUJHQWRQSHXWQpDQPRLQV









1.2. Les dispositifs de soutien à la production de bois-énergie

(Q  OD SDUW GHV pQHUJLHV UHQRXYHODEOHV (15 GDQV OD FRQVRPPDWLRQ WRWDOH G
pQHUJLH
SULPDLUH IUDQoDLVH HVW GH  FH TXL UHVWH UHODWLYHPHQWPRGHVWH (XURVWDW ¬ FHOD
SOXVLHXUVUDLVRQVGHVPDUFKpVG¶pTXLSHPHQWVUpGXLWVTXLQHSHXYHQWHQJHQGUHUG¶pFRQRPLHV
G¶pFKHOOH XQH VWUXFWXUDWLRQ LQVXIILVDQWH GHV UpVHDX[ SURIHVVLRQQHOV XQH LPSOLFDWLRQ
LQVXIILVDQWH GHV LQVWLWXWLRQV ILQDQFLqUHV HW GHV WDULIV HQFRUH UHODWLYHPHQW EDV GHV pQHUJLHV
IRVVLOHV FH TXL Q¶HQFRXUDJH JXqUH j OD VXEVWLWXWLRQ $'(0(  3RXU OHV GLIIpUHQWHV
LQVWDQFHV HQ FKDUJH GHV SROLWLTXHV pQHUJpWLTXHV O
REMHFWLI HVW GH IDLUH ©GpFROOHUª OHV (15
WRXW HQ DVVXUDQW XQ GpYHORSSHPHQW GXUDEOH $'(0(  3RXU FHOD XQ FHUWDLQ QRPEUH
G¶DFWLRQVHWGHSURJUDPPHVGHVRXWLHQjODSURGXFWLRQG¶(15HWa fortioriGHERLVpQHUJLH






OD IRUrW SULYpH HWPLHX[PRELOLVHU OD UHVVRXUFH FUpGLWV G






GRPHVWLTXHV IRQFWLRQQDQW DX ERLV DLGHV ILQDQFLqUHV j O
LQVWDOODWLRQ GH FKDXIIHULHV
XUEDLQHVFROOHFWLYHVHWLQGXVWULHOOHVx GH WDULIV G










/HV OHYLHUVPLV HQ SODFH HQ IDYHXU GX GpYHORSSHPHQW GX ERLVpQHUJLH HQ)UDQFH UpSRQGHQW
DLQVLjGHVREMHFWLIVHWRULHQWDWLRQVLPSXOVpVSDUOHVLQVWDQFHVVXSUDQDWLRQDOHVHWOHVDXWRULWpV
SXEOLTXHV (Q RXWUH LO IDXW pYRTXHU OHV DFWLRQV SOXV RXPRLQV LPSRUWDQWHVPLVHV HQ SODFH
SRXU VHQVLELOLVHU OHV FROOHFWLYLWpV OHV LQGXVWULHOV HW OHV SDUWLFXOLHUV 0pUHQQH6FKRXPDNHU
¬FH MRXU OHVGpFLVLRQVFRQFHUQDQW OHGpYHORSSHPHQWGH OD ILOLqUH VH IRQWDXQLYHDX
QDWLRQDOHWUpJLRQDOFRQWULEXDQWjODPLVHHQSODFHG¶XQHORJLTXHjGHX[YLWHVVHVDYHFG¶XQH







3ODQV%RLVeQHUJLH HW'pYHORSSHPHQW /RFDO 3(%'/ VRQW GHV SURJUDPPHV GH VRXWLHQ DX
ERLVpQHUJLHQRWDPPHQWGDQVOHVVHFWHXUVFROOHFWLIWHUWLDLUHHW LQGXVWULHO7UHL]HUpJLRQVWHVW
GRQW OD )UDQFKH&RPWp RQW pWp UHWHQXHV GDQV XQ SUHPLHU WHPSV SRXU OD FRQGXLWH GH FH
SURJUDPPHVHORQWURLVW\SHVG¶DFWLRQV




RQW pWp FUppV SRXU OD PLVH HQ SODFH OD PDLQWHQDQFH HW O¶DSSURYLVLRQQHPHQW GH FHV
LQVWDOODWLRQV )RUW GH FH ELODQ VDWLVIDLVDQW OH SURJUDPPH D pWp UHFRQGXLW GDQV OH FDGUH GHV
FRQWUDWV GH SODQ eWDW5pJLRQV DFFRUGVFDGUHV SRXU OD SpULRGH  HQ YLVDQW FHWWH
IRLVFL O¶HQVHPEOH GX WHUULWRLUH QDWLRQDO HW WRXV OHV VHFWHXUV W\SHV FROOHFWLI LQGXVWULHO HW
LQGLYLGXHO/¶REMHFWLIpWDLWGHPDLQWHQLUjKDXWHXUGH0WHSDQODFRQVRPPDWLRQGRPHVWLTXH
GHERLVWRXWHQDPpOLRUDQWOHUHQGHPHQWpQHUJpWLTXHHWG¶LQVWDOOHUQRXYHOOHVFKDXGLqUHV
FROOHFWLYHV RX LQGXVWULHOOHV JUkFH j GHV DFWLRQV VXU OHV PDUFKpV G¶DSSURYLVLRQQHPHQW HQ
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SDUWHQDULDWDYHF OHVFROOHFWLYLWpV ORFDOHVHW OHVSURIHVVLRQQHOVGH OD ILOLqUHERLV$XILQDO OHV
REMHFWLIV VRQW ODUJHPHQW DWWHLQWV WDQW DX QLYHDX GX QRPEUH GH FKDXIIHULHV FUppHV TXH GH
WRQQHVpTXLYDOHQWSpWUROHVXEVWLWXpHV

7URLVLqPH SKDVH GH FH SURJUDPPH SURGXLUH   WHS VXSSOpPHQWDLUHV GH ERLV SRXU OD
SpULRGH/¶REMHFWLIIL[pHVWDPELWLHX[HWUHYLHQWjGRXEOHUOHUpVXOWDWPR\HQREWHQX
ORUVGXSUpFpGHQWSURJUDPPH'*(03','(0('XUDQWFHSURJUDPPHO¶DFFHQWHVWPLV
VXU OHV SURMHWV j IRUWH FRQVRPPDWLRQ UpVHDX[ GH FKDOHXU XUEDLQV K{SLWDX[ ORJHPHQW
FROOHFWLI SLVFLQHV PDLVRQ GH UHWUDLWHV HWF WRXW HQ IDYRULVDQW OH UHJURXSHPHQW GHV SHWLWV







PRGHVWH $LQVL ORUV GHV 9,,,qPHV DVVLVHV GH O¶pQHUJLH HQ -DQYLHU  O¶$'(0( HW OD
)pGpUDWLRQ1DWLRQDOH GHV &RPPXQHV )RUHVWLqUHV )1&2)25 RQW VLJQp XQ DFFRUG SRXU OD
PLVHHQ°XYUHGXSURJUDPPHFKDXIIHULHVERLVSRXUOHPLOLHXUXUDOGRQWO¶REMHFWLIHVW
GHIDFLOLWHUODUpDOLVDWLRQGHFKDXIIHULHVERLVJURXSpHVSDUOHVDFWHXUVGHVWHUULWRLUHVjO¶pFKHOOH




DVVLVWDQFH j PDvWULVH G
RXYUDJH SRXU MRXHU XQ U{OH QRXYHDX FRQWULEXHU j
VWUXFWXUHUXQHRIIUHGXUDEOHVXUOHVHJPHQWGHVSHWLWHVHWPR\HQQHVFKDXGLqUHVHQVHWRXUQDQW
YHUV GHV FRPEXVWLEOHV LVVXV G¶HVSDFHV OLJQHX[ IRUHVWLHUV HW DJULFROHV 6RQ FRW SOXV pOHYp
QpFHVVLWHXQHDFWLRQSOXVYRORQWDULVWHVRXVIRUPHGHVXEYHQWLRQVDX[LQYHVWLVVHXUVPDLVDXVVL
HQ GLUHFWLRQ GHV RIIUHXUV OHVTXHOV SRXUUDLHQW DYRLU SHLQH j pPHUJHU 3RXSHDX HW DO 





O¶HQVHPEOH GHV DFWHXUV UpJLRQV GpSDUWHPHQWV RX DXWUHV FROOHFWLYLWpV ORFDOHV LQWpUHVVpHV
$YHF FHW DFFRUG O¶$'(0( HW OD )1&2)25 V¶HQJDJHQW j FRRUGRQQHU OHXUV HIIRUWV SRXU
























/DQFp HQ  OH SUHPLHU DSSHO G¶RIIUHV YLVDLW j OD FUpDWLRQ G¶XQLWpV GH SURGXFWLRQ
G¶pOHFWULFLWpjSDUWLUGHELRPDVVHRXGHELRJD]D\DQWXQGpELWVXSpULHXUjWMRXUSRXUXQH













LQGXVWULHOV VRQW SULV HQ FRPSWH OHV VRXVSURGXLWV GH O¶LQGXVWULH SDSHWLqUH OLTXHXU QRLUH HW
ERXHVDLQVLTXHOHVGpFKHWVGHO¶LQGXVWULHDJURDOLPHQWDLUH/HVGpFKHWVHWUpVLGXVSURYHQDQW
GH O¶DJULFXOWXUH SUHQQHQW HQ FRPSWH OD SDLOOH HW OHV FXOWXUHV pQHUJpWLTXHV 6¶DJLVVDQW GHV
SURGXLWV GpFKHWV HW UpVLGXVSURYHQDQW GH OD V\OYLFXOWXUH OHV FRPEXVWLEOHV pOLJLEOHV VRQW OHV
FRQQH[HV GH O¶LQGXVWULH GX ERLV IDLVDQW RX QH IDLVDQW SDV O¶REMHW G¶XQH YDORULVDWLRQPDWLqUH
GRVVHV GpOLJQXUHV SODTXHWWHV QRQ IRUHVWLqUHV pFRUFHV FKXWHV HWF OHV EUR\DWV LVVXV GH
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
FRPSRUWHU SRXU OD SDUW FRUUHVSRQGDQWH GH O¶DSSURYLVLRQQHPHQW XQH SURSRUWLRQ LVVXH GHV
TXDWULqPHHWFLQTXLqPHFDWpJRULHVF¶HVWjGLUHODELRPDVVHIRUHVWLqUHVXSpULHXUHRXpJDOHj
ª 'LUHFWLRQ JpQpUDOH GH O¶pQHUJLH HW GHVPDWLqUHV SUHPLqUHV  6XLWH j FHW DSSHO
G¶RIIUHVOH0LQLVWUHGHO
pFRORJLH-HDQ/RXLV%RUORRDVpOHFWLRQQpHQMXLQSURMHWVGH
FHQWUDOHV GH SURGXFWLRQ G¶pOHFWULFLWp HW GH FKDOHXU DOLPHQWpHV j SDUWLU GH ELRPDVVH &HV
FHQWUDOHV SRXUURQW EpQpILFLHU G¶XQ WDULI SUpIpUHQWLHO G¶DFKDW GH O¶pOHFWULFLWp /D SXLVVDQFH
pOHFWULTXHFXPXOpHGHFHVFHQWUDOHVTXLGHYURQWrWUHPLVHVHQVHUYLFHDYDQWHVWGH
PpJDZDWWV0:VRLWO¶pTXLYDOHQWGXWLHUVGHODSXLVVDQFHG¶XQUpDFWHXUQXFOpDLUH/DFKDOHXU
SURGXLWH HVW HVWLPpH j   WRQQHV pTXLYDOHQW SpWUROH /¶HQVHPEOH GHV SURMHWV UHWHQXV
ORFDOLVDWLRQWUDQFKHHWFRPEXVWLEOHPDMRULWDLUHHVWYLVLEOHVXUODILJXUH

6DQVDWWHQGUHTXH OHV LQVWDOODWLRQVUpVXOWDQWGXGHX[LqPHDSSHOG¶RIIUHVVRLHQWHQVHUYLFH OD
&5(DODQFpXQWURLVLqPHDSSHOG¶RIIUHVGLW&5(ILQDYHFSRXUREMHFWLIXQHSXLVVDQFH
VXSSOpPHQWDLUH PD[LPDOH LQVWDOOpH GH  0:H j SDUWLU GH ELRPDVVH G¶LFL j  /HV
FRPEXVWLEOHVpOLJLEOHVVRQWOHVPrPHVTXHSRXUOHSUpFpGHQWDSSHOG¶RIIUHVDYHFDXPLQLPXP
 GH ELRPDVVH IRUHVWLqUH LVVXH GX JLVHPHQW QDWXUHO /D &5( D GpFODUp DYRLU UHoX 
GRVVLHUV DX$RW  UHSUpVHQWDQW 0:/HV SURMHWV SUpVHQWpV TXL VRQW HQPDMRULWp
G








$YHF FHV DSSHOV G¶RIIUHV GH OD &5( QRXV FKDQJHRQV G¶pFKHOOH HQ PDWLqUH GH SXLVVDQFH
LQVWDOOpHHWa fortioriGHTXDQWLWpGHUHVVRXUFHVOLJQHXVHVjSUpOHYHUSRXUO¶DSSURYLVLRQQHPHQW
VXUXQHGXUpHPLQLPXPGHDQVOHJRXYHUQHPHQWJDUDQWLVVDQWXQUDFKDWGHO¶pOHFWULFLWpVXU





















(Q )UDQFKH&RPWp WURLV SURMHWV RQW pWp UHWHQXV SDU OD &RPPLVVLRQ GH 5pJXODWLRQ GH
O
eQHUJLH j &RUEHQD\ &RPSDJQLH )UDQoDLVH GX 3DQQHDX 1RYLOODUV 3DSHWHULH2725 HW
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
7DYDX[ 62/9$< GRQW O
H[SORLWDWLRQ HVW FRQILpH j GHV JURVVHV VRFLpWpV  92/7$/,$
32:(2 HW '$/.,$ &HV WURLV LQVWDOODWLRQV GHYUDLHQW FRQVRPPHU   WRQQHV GH






























3RXU FRQWULEXHU DX[ REMHFWLIV DPELWLHX[ GH OD )UDQFH HQ PDWLqUH GH GpYHORSSHPHQW GHV
pQHUJLHV UHQRXYHODEOHV OH JRXYHUQHPHQW D ODQFp SOXVLHXUV SURJUDPPHV GH YDORULVDWLRQ
pQHUJpWLTXH FDORULILTXHHW pOHFWULTXHGH ODELRPDVVH \ FRPSULV OLJQHXVH/DSURGXFWLRQ
pOHFWULTXH HVW VRXWHQXH ILQDQFLqUHPHQW SDU O¶$'(0( via OD PLVH HQ SODFH GH GLVSRVLWLIV
LQFLWDWLIVGHUDFKDWGH O¶pOHFWULFLWp SUpYXVSDU OD ORL323(/DSRXUVXLWHGHVDSSHOVG¶RIIUH






©'H PDQLqUH JpQpUDOH OD FKDOHXU TX¶HOOH VRLW RX QRQ SURGXLWH j SDUWLU GH VRXUFHV




XQ GLVSRVLWLI YLVDQW j GpYHORSSHU OD FKDOHXU G¶RULJLQH UHQRXYHODEOH OH ©)RQGV &KDOHXU






















3RXU DWWHLQGUH OHV REMHFWLIV IL[pV GDQV OH FDGUHGX*UHQHOOH GH O¶HQYLURQQHPHQW HW GX IRQGV
©FKDOHXU UHQRXYHODEOHª O¶$'(0( D ODQFp XQ SUHPLHU DSSHO j SURMHWV DILQ GH VXVFLWHU OH











WHUWLDLUH SULYp EXUHDX[ FRPPHUFHV JUDQGHV VXUIDFHV GH GLVWULEXWLRQ SODWHIRUPHV ORJLVWLTXHV
DpURSRUW«HWYLVHODUpDOLVDWLRQG¶LQVWDOODWLRQVDVVXUDQWXQHSURGXFWLRQGHFKDOHXUVXSpULHXUHj
WHSDQjSDUWLUGHELRPDVVH/¶REMHFWLILQGLFDWLIILQHVWXQHSURGXFWLRQDQQXHOOHGH
























WDX[ GH 79$ SRXU OD IRXUQLWXUH GH ERLV j XVDJH QRQ GRPHVWLTXH 'H PrPH OD )UDQFH D







SULVH GH SDUWLFLSDWLRQ GH O
21) GDQV GHV HQWUHSULVHV FRPPHUFLDOHV VHURQW DVVRXSOLHV SRXU
IDFLOLWHU O









jYLV GH OD WKpPDWLTXH pQHUJpWLTXH &H FRQVWDW HVW FRUURERUp SDU %HVVRQ   ©OHV
FROOHFWLYLWpV WHUULWRULDOHV RQW XQH YRFDWLRQ SDUWLFXOLqUH j V¶LQWpUHVVHU j GHV SURMHWV TXL
SHUPHWWHQW GH YDORULVHU GHV UHVVRXUFHV ORFDOHVª 1pDQPRLQV VL OHV FROOHFWLYLWpV ORFDOHV
PDQLIHVWHQW EHDXFRXS G¶LQWpUrW j OD WKpPDWLTXH GHQGURpQHUJpWLTXH HW VRQW j OD EDVH GH
O¶pPHUJHQFH GHV SURMHWV GH FKDXIIHULHV ERLV HOOHV QH GLVSRVHQW SDV H[FHSWLRQ IDLWH GHV
&RQVHLOV5pJLRQDX[ GHPR\HQV LQFLWDWLIV 6L OHV FRPPXQHV RX VWUXFWXUHV LQWHUFRPPXQDOHV
SHXYHQWH[SUHVVpPHQWIDLUHPHQWLRQGHODYRORQWpGHGpYHORSSHUXQHILOLqUHERLVpQHUJLHVXU
OHXU WHUULWRLUH GDQV OHXUV GRFXPHQWV GH SODQLILFDWLRQ HW G¶DPpQDJHPHQW $JHQGD  SDU
H[HPSOHLOQHV¶DJLWQpDQPRLQVSDVGHGLVSRVLWLIVD\DQWXQHYDOHXUOpJLVODWLYHHWXQFDUDFWqUH
REOLJDWRLUH/HVGLVSRVLWLIVOHVSOXVHIILFDFHVpPDQHQWGHV&RQVHLOV5pJLRQDX[HWJpQpUDX[TXL





SDUWLU GH ELRPDVVH DX WUDYHUV G¶LQVWUXFWLRQV UpJLRQDOLVpHV &HOD WpPRLJQHWLO GH ODPLVH HQ







































x 6RXWHQLU OD FURLVVDQFH GX ERLV
pQHUJLH HQ IDYRULVDQW GH QRXYHDX[




(QWUpH GDQV XQH SKDVH SOXV
LQGXVWULHOOHoÀ partir du milieu des années 2000
$FWHXUVKLVWRULTXHV
(QWUDQWVSKDVH
1RXYHDX[HQWUDQWVx SURSULpWDLUHV GH IRUrWV 21)
&2)$
x 21)(QHUJLH
x $WWHLQGUH OHV REMHFWLIV DPELWLHX[
GH SURGXFWLRQ j EDVH G¶pQHUJLHV
UHQRXYHODEOHV IL[pV SDU O¶8QLRQ
HXURSpHQQH
x 6RUWLUSOXVGHERLV






&RQFHUQDQW OHV PXWDWLRQV GH OD ILOLqUH GHQGURpQHUJpWLTXH OH PLQLVWUH -/ %RUORR DIILUPH
DLQVLHQTXHFHSODQDSRXUDPELWLRQXQFKDQJHPHQWFRPSOHWG¶pFKHOOHYLVDQWj©SDVVHU
G¶XQPRGqOHHVVHQWLHOOHPHQWIRQGpVXUOHFDUERQHHWVXUGHVUHVVRXUFHVLQpJDOHPHQWUpSDUWLHV
VXU OD SODQqWH j XQPRGqOH WRWDOHPHQW GpFDUERQp R FKDTXHPDLVRQ FKDTXH HQWUHSULVH HW




/¶HQVHPEOH GH FHV SROLWLTXHV HW GLVSRVLWLIV D HX SRXU FRQVpTXHQFH XQH SURIRQGH















GH OD ILOLqUH TXL OD SODFH j O¶KHXUH DFWXHOOH HQ GHX[LqPH SRVLWLRQ GHUULqUH OD UpJLRQ5K{QH
$OSHVHQPDWLqUHGHSXLVVDQFHLQVWDOOpH/¶REMHFWLIGHFHFKDSLWUHHVWGHIDLUH OHSRLQWVXUOD
VWUXFWXUH HW OHV G\QDPLTXHV GH FRQVRPPDWLRQ GHQGURpQHUJpWLTXH IUDQFFRPWRLVH GDQV OHV
VHFWHXUVW\SHVLQGXVWULHOHWFROOHFWLIWHUWLDLUHKRUVSURMHWV&5(3RXUFHIDLUHQRXVDYRQV
UHPLV j MRXU OD EDVH GH GRQQpHV IRXUQLH SDU O¶$'(0(FRQILGHQWLHOOHV HW OD FRRSpUDWLYH
IRUHVWLqUH3UR)RUrWVXUOHVLQVWDOODWLRQVFROOHFWLYHVHWLQGXVWULHOOHVEDVHGHGRQQpHVUHPLVHj
MRXU SDU OH ELDLV G¶HQWUHWLHQV WpOpSKRQLTXHV LQGLYLGXHOV    GHV GRQQpHV SUpVHQWHV
LQLWLDOHPHQWGDQVOHILFKLHUSUpVHQWDQWGHVHUUHXUVRXQ¶pWDLHQWSDVUHQVHLJQpHV1RXVDYRQV
pJDOHPHQWHIIHFWXpGHVUHFRXSHPHQWVDYHFGHVGRQQpHVWUDQVPLVHVSDUODYLOOHGH%HVDQoRQOD
&RPPXQDXWp G¶$JJORPpUDWLRQ GX *UDQG %HVDQoRQ HW OH &RQVHLO *pQpUDO GX 'RXEV
/¶DQDO\VHGHFHVILFKLHUVGHGRQQpHVUHPLVjMRXUQRXVSHUPHWGHPHWWUHHQpYLGHQFH
x OD VWUXFWXUH JOREDOH GH OD GHPDQGH HQ ERLVpQHUJLH HQ )UDQFKH&RPWp VHORQ OD
SXLVVDQFHWRXVVHFWHXUVFRQIRQGXVGDQVXQSUHPLHUWHPSV












 0rPH VL O¶$'(0( HQ GpWLHQW OD PDMHXUH SDUWLH GDQV OD PHVXUH R HOOH ILQDQFH EHDXFRXS GH SURMHWV
O¶pYROXWLRQGHODGHPDQGHHVWWHOOHPHQWUDSLGHTXHFHUWDLQHVLQVWDOODWLRQVQHVRQWSDVIRUFpPHQWUpIpUHQFpHV
















2.1. Une augmentation exponentielle de la demande depuis 1996 

/D PLVH HQ SODFH GX SUHPLHU SODQ ERLVpQHUJLH HW GpYHORSSHPHQW ORFDO VRXV O¶pJLGH GH
O¶$'(0( HQ  PDUTXH OH GpEXW G¶XQH DXJPHQWDWLRQ H[SRQHQWLHOOH GX QRPEUH GH
FKDXIIHULHV ERLV SDUWLFXOLqUHPHQW GDQV OH VHFWHXU FROOHFWLIWHUWLDLUH /HV FROOHFWLYLWpV










/HV FKDXIIHULHV GX VHFWHXU LQGXVWULHO RQW TXDQW j HOOHV pWp PLVHV HQ SODFH GH IDoRQ SOXV
SUpFRFH DYDQW OHV LPSRUWDQWHV DFWLRQV GH VXEYHQWLRQV /HV HQWUHWLHQV RQWPrPH UpYpOp XQH




GqV OH GpEXW GHV DQQpHV  /D ILJXUH  GpFULW O









/D ILJXUH  QRXVPRQWUH O¶pYROXWLRQ GX QRPEUH GH FKDXIIHULHV  WRXV VHFWHXUV FRQIRQGXV j


















2.2. Une majorité de petites installations 

3OXV GH  GHV FKDXIIHULHV RQW XQH SXLVVDQFH LQIpULHXUH j 0: HW  XQH SXLVVDQFH



















2.3 Des chaufferies collectives plus nombreuses mais des 
chaufferies industrielles plus puissantes 

/HVFKDXIIHULHVFROOHFWLYHVUHSUpVHQWHQWGXQRPEUHGHFKDXIIHULHVIUDQFFRPWRLVHVPDLV
































































/D ILJXUHQRXVPRQWUH OD UpSDUWLWLRQ VSDWLDOH GHVGHX[JUDQGHV FDWpJRULHV GH FKDXIIHULHV
LQGXVWULHOOHVHWFROOHFWLYHV













2.4. Les collectivités et le secteur petit collectif locatif, des acteurs 
prépondérants du secteur collectif/tertiaire













GH FKDXIIHULHV SUDWLTXHPHQW   VRQW PLVHV HQ SODFH SDU OHV VWUXFWXUHV FRPPXQDOHV
ILJXUH  9LHQQHQW HQVXLWH OHV FRPPXQDXWpV GH FRPPXQHV XQH VHXOH FRPPXQDXWp
G¶DJJORPpUDWLRQ HVW PDvWUH G¶RXYUDJH j O¶pFKHOOH GH OD )UDQFKH&RPWp /HV V\QGLFDWV GH
GLIIpUHQWVW\SHVRQWTXDQWjHX[HQFKDUJHFKDXIIHULHVjO¶pFKHOOHGHODUpJLRQ






















FRPSULVHV HQWUH  N: HW
0:
5pFHQWH DYHF WURLV TXDUWV
GHV FKDXIIHULHV PLVHV HQ
SODFHDSUqV
$VVRFLDWLRQV  0:







 0: DYHF XQH
SXLVVDQFH PLQLPXP GH 
N: HW XQH SXLVVDQFH
PD[LPXP GH 0: XQH
VHXOHFKDXIIHULH!0:
 LQVWDOODWLRQV VXU PLVHV
HQVHUYLFHDSUqV
$XWUHV  0:
0: DYHF  FKDXIIHULHV
N:HWFKDXIIHULH!
0:













SUpFLVHU TX¶LO HVW SRVVLEOH TXH OHV GRQQpHV QH VRLHQW SDV H[KDXVWLYHV SRXU OHV FKDXIIHULHV
LQGXVWULHOOHVQRQVXEYHQWLRQQpHVSDU O¶$'(0(ELHQTXHQRXVD\RQVFRPSOqWHPHQWUHPLVj
MRXUOHILFKLHUGHGRQQpHVWUDQVPLVSDU3URIRUrW&HWWHQRQH[KDXVWLYLWpV¶H[SOLTXHSDUOHIDLW









3UpVHQWDQW XQH WUqV IRUWH KpWpURJpQpLWp DX QLYHDX GHV PDvWULVHV G¶RXYUDJH GHV HQWUHSULVHV
DJULFROHVDX[IUXLWLqUHVHQSDVVDQWSDUGHVHQWUHSULVHVGLYHUVHVFHVLQGXVWULHVVRQWEHDXFRXS
PRLQV QRPEUHXVHV HW EHDXFRXSPRLQV LPSRUWDQWHV TXH OHV LQGXVWULHV GX ERLV (Q HIIHW 
FKDXIIHULHV FRPSWDELOLVHQW XQH SXLVVDQFH FXPXOpH GH  0: GDQV GHV JDPPHV GH









0: FXPXODQW  0: VRLW OD PRLWLp GH OD SXLVVDQFH LQVWDOOpH GH FH VHFWHXU 1RXV
FRPSWDELOLVRQVHQVXLWHFKDXIIHULHVGHSXLVVDQFHWUqVLPSRUWDQWHGHj0:WRWDOLVDQW
XQWLHUVGHODSXLVVDQFHFXPXOpHGXVHFWHXU'HVGLIIpUHQFHVQRWDEOHVSHXYHQWrWUHREVHUYpHV
HQWUH OHV LQGXVWULHV GH OD SUHPLqUH HW GH OD GHX[LqPH WUDQVIRUPDWLRQ /D SUHPLqUH
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
SXLVVDQFH SOXV LPSRUWDQWH HQ PR\HQQH  0: FRQWUH  SRXU OHV LQGXVWULHV GH OD
GHX[LqPH WUDQVIRUPDWLRQ /D GLVWULEXWLRQ VWDWLVWLTXH GX QRPEUH GH  FKDXIIHULHV GH OD
GHX[LqPH WUDQVIRUPDWLRQ WpPRLJQH G¶XQH WUqV JUDQGH PDMRULWp GH SHWLWHV FKDXIIHULHV






GHQGURpQHUJpWLTXH IUDQFFRPWRLVH DLQVL TX¶XQH XQH IRUWH DXJPHQWDWLRQ GH OD GHPDQGH
FDUDFWpULVWLTXHV TXH O¶RQ UHWURXYH pJDOHPHQW GDQV QRV GHX[ WHUUDLQV G¶pWXGH &H IRUW
GpYHORSSHPHQW GH OD ILOLqUH ERLVpQHUJLH IUXLW G






























/D IRUWH DXJPHQWDWLRQ GX QRPEUH GH FKDXIIHULHV HW O¶pPHUJHQFH SURFKDLQH GH FHQWUDOHV GH
FRJpQpUDWLRQGHSXLVVDQFH LPSRUWDQWH VRXOqYHQW XQJUDQGQRPEUHGHTXHVWLRQV HW G¶HQMHX[
UHODWLIV j O¶DSSURYLVLRQQHPHQW  GH OD VDWLVIDFWLRQ GH OD GHPDQGH j OD UHQRXYHODELOLWp GH OD
UHVVRXUFHHQSDVVDQWSDUODVpFXULVDWLRQGHVDSSURYLVLRQQHPHQWVVXUOHORQJWHUPHOHVSUL[HW
ODTXDOLWpGHVGHQGURFRPEXVWLEOHVODTXDOLWpHQYLURQQHPHQWDOHGHODILOLqUHHWF
/H GpYHORSSHPHQW UDSLGH GH OD ILOLqUH HW O¶DXJPHQWDWLRQ GH OD FRQVRPPDWLRQ RQW HX SRXU
FRQVpTXHQFHXQHGpVWUXFWXUDWLRQGHODGHPDQGHGRQWOHVUpSHUFXVVLRQVVHVRQWIDLWUHVVHQWLUj




3DUWLFXOLqUHPHQW VHQVLEOHV DX[ SUREOqPHV GH UHQRXYHOOHPHQW GH OD UHVVRXUFH OLJQHXVH GH
GpYHORSSHPHQWHWYDORULVDWLRQGHV UHVVRXUFHV ORFDOHVGHFUpDWLRQG¶HPSORLV ORFDX[HWF OHV
DSSURYLVLRQQHPHQWVHQSODTXHWWHVIRUHVWLqUHVFULVWDOOLVHQWO¶DWWHQWLRQGHO¶HQVHPEOHGHVDFWHXUV
GHODILOLqUHERLVpQHUJLH/¶REMHFWLIGHFHFKDSLWUHHVWGHUHQGUHFRPSWHGHFHVHQMHX[HWGH















,VVXHV GHV DFFUXV WDLOOLV HW UpPDQHQWV GH O¶H[SORLWDWLRQ IRUHVWLqUH OHV SODTXHWWHV IRUHVWLqUHV




UHVWDQW GDQV OHV FRXSHV DSUqV H[SORLWDWLRQ LOV VRQW DXMRXUG¶KXL ELHQ VRXYHQW DEDQGRQQpV HQ
IRUrWHQ UDLVRQGH OHXU IDLEOHYDOHXUFRPPHUFLDOHHWGHVFRWV LQKpUHQWVj OHXUPRELOLVDWLRQ
/HV VRXFKHV SHXYHQW pJDOHPHQW rWUH XWLOLVpHV FRPPH VRXUFH GH ERLVpQHUJLH PDLV OHXU
XWLOLVDWLRQUHVWHH[SpULPHQWDOHjFHMRXU$'(0(HWOHXUUpFROWHTXLLPSOLTXHGHVFRXSHV




OHV SDUWLFXOLHUV FRPPH SHWLW ERLV GH FKDXIIH j O¶KHXUH DFWXHOOH OHV QpJRFLDQWV HQ ERLV GH





OHV LQFHUWLWXGHV VXU FHV PDUFKpV LQFLWHQW OHV PDvWUHV G¶RXYUDJHV HW VRFLpWpV
G¶DSSURYLVLRQQHPHQWV jGLYHUVLILHU OHERXTXHWGHQGURpQHUJpWLTXHGHVFKDXIIHULHVERLV(W OD
SODTXHWWH IRUHVWLqUH FRQVWLWXpH HQWUH DXWUHV SDU OH EUR\DW GHV UpPDQHQWV GH O¶H[SORLWDWLRQ
IRUHVWLqUHVHPEOHFRQVWLWXHUXQHERQQHUpSRQVHjFHVHQMHX[)RUrW3ULYpH)UDQoDLVH





%LHQ TXH OD ILOLqUH ERLVpQHUJLH VH VRLW LQLWLDOHPHQW GpYHORSSpH j SDUWLU G¶XQ JLVHPHQW
LQGXVWULHOFRQQH[HVHWGpFKHWVTXLQHWURXYDLWSDVGHGpERXFKpV3RXSHDXHWDOOHV
UpFHQWHV PXWDWLRQV LQGXLWHV SDU XQH IRUWH DXJPHQWDWLRQ GH OD GHPDQGH FKDQJHQW

eYDOXDWLRQGXJLVHPHQWGHERLVSRXUO¶pQHUJLHUXEULTXHGLVSRQLELOLWpVEUXWHVZZZGLVSRERLVHQHUJLHIU




QR\DX LQLWLDO GXGpYHORSSHPHQWGH OD ILOLqUH OD WHQGDQFH WHQGDXMRXUG¶KXL j V¶LQYHUVHU VRXV
O¶LQIOXHQFH GHV SROLWLTXHV LQFLWDWLYHV SRXU ODLVVHU OD SODFH j O¶pPHUJHQFH GH FKDXIIHULHV
FROOHFWLYHV HW LQGXVWULHOOHV KRUV LQGXVWULHV GX ERLV &HOD D SRXU FRQVpTXHQFH XQH
DXJPHQWDWLRQGH ODFRQVRPPDWLRQj ODTXHOOH LO IDXWDGDSWHU ODVWUXFWXUHGH O¶RIIUH%LHQTXH
ERQQRPEUHGHFKDXIIHULHVFRQWLQXHQWGHFRQVRPPHUGHVFRQQH[HVHWGpFKHWVGH O¶LQGXVWULH
GX ERLV j O¶KHXUH DFWXHOOH QRWDPPHQW HQ UDLVRQ GH OHXU SUL[ FRQFXUUHQWLHO TXDQWLWp GH
VRXUFHV V¶DFFRUGHQW j GLUH TXH FH JLVHPHQW HVW ILQL HW TXH OHV WHQVLRQV GXHV DX[ FRQIOLWV
G¶XVDJHLQWHUILOLqUHSRXUFHVFRQQH[HVQHYRQWDOOHUTX¶HQV¶DFFURLVVDQW$LQVL©OHVSURGXLWV
FRQQH[HV GH VFLHULHV TXL FRXYUHQW DXMRXUG¶KXL    GX ERLV XWLOLVp GDQV OHV FKDXIIHULHV
FROOHFWLYHV XUEDLQHV QH VXIILURQW SOXV j FRXYULU FH EHVRLQ /D YRLH HVW GRQF RXYHUWH DX[
SODTXHWWHV IRUHVWLqUHV TXL DFWXHOOHPHQW QH UHSUpVHQWHQW TXH  GX ERLV GH FKDXIIDJH HQ
]RQH XUEDLQHª )RUrW 3ULYpH )UDQoDLVH  %LHQ TXH OHV VRXUFHV GLYHUJHQW TXDQW DX[
WHQVLRQV SHVDQW  VXU OHV SURGXLWV FRQQH[HV GH O¶LQGXVWULH GX ERLV HW j OD SURSRUWLRQ GH
SODTXHWWHV IRUHVWLqUHV FRQVRPPpHV $)2&(/  DIILUPH TXH ©OD IDLEOH FURLVVDQFH GH
O¶LQGXVWULH GX VFLDJH QH SHUPHW SDV G¶HQYLVDJHU TXH OH JLVHPHQW GH SURGXLWV FRQQH[HV GH
VFLHULHVSXLVVHFURvWUHGHPDQLqUHVHQVLEOHGDQVOHVDQQpHVjYHQLUª3DUFRQVpTXHQW©ODIRUrW



















FKDXIIHULHV V¶HVW MXVTX¶j SUpVHQW PDMRULWDLUHPHQW DSSX\p VXU OH JLVHPHQW GHV SURGXLWV
FRQQH[HV GH VFLHULHV HW GpFKHWV ERLV FRQFXUUHQoDQW SOXV RX PRLQV GLUHFWHPHQW
O¶DSSURYLVLRQQHPHQW GHV LQGXVWULHV GHV SDQQHDX[ HW GH OD SkWH j SDSLHU 'HYDQW OD
PXOWLSOLFDWLRQ GX QRPEUH GH FKDXIIHULHV ERLV GH JURVVH FDSDFLWp HQ VHUYLFH HW HQ SURMHW OD
YDORULVDWLRQpQHUJpWLTXHG¶DXWUHVJLVHPHQWVHQYXHGHSURGXLUHGHVSODTXHWWHV IRUHVWLqUHV HW












SURGXLWVGH O¶LQGXVWULHGpFKHWVERLVHQ ILQGHYLHSRXU OHSDSLHU OHSDQQHDX OHSDLOODJHHW
O¶pQHUJLH HW GH OD IRUWHGHPDQGH IXWXUH -&3RXsW LQ ,)1 &RQFHUQDQW FH GHUQLHU
DVSHFW 3XHFK  GDQV VRQ UDSSRUW VXU la mise en valeur de la forêt française et 
développement de la filière boisSUpFLVHTX¶HQWHQDQWFRPSWHGHVUpVXOWDWVVXUOHVDQQpHV
HWGHVSURJUDPPHV%RLVpQHUJLHHWGpYHORSSHPHQWORFDO©OHVEHVRLQVVXSSOpPHQWDLUHV
HQ ELRPDVVH WRWDOH V¶pOqYHURQW j SDUWLU GH  j   WHSDQ  GRQW   WRQQHV GH
SODTXHWWHV IRUHVWLqUHVª/H)RQGV&KDOHXU QpFHVVLWHUD TXDQW j OXL SRXU ©GH  j 
PLOOLRQVGHWRQQHVGHSODTXHWWHVIRUHVWLqUHVVHORQODSURSRUWLRQGHSODTXHWWHVFRQVRPPpHV
 RX  /HV DSSHOV G¶RIIUH GH FRJpQpUDWLRQELRPDVVH GX PLQLVWqUH HQ FKDUJH GH
O¶pQHUJLH&5(HWHQFRXUVGHYURQWTXDQWjHX[LQFRUSRUHUDXPRLQVGHELRPDVVH
IRUHVWLqUHHWDSSHOOHURQWSDUFRQVpTXHQWSRXU©ODPRELOLVDWLRQG¶HQYLURQPLOOLRQVGH






¬ FHOD V¶DMRXWH XQH VLWXDWLRQ SUpRFFXSDQWH SRXU OHV VFLXUHV TXL VHUYHQW HQWUH DXWUHV j OD
IDEULFDWLRQGHJUDQXOpVFRQVRPPpVGDQVOHVFKDXIIHULHVGHSHWLWHSXLVVDQFH6HORQO¶21)FLWp
GDQV &KDVWDQ  OD SURGXFWLRQ GH JUDQXOpV GH ERLV HVW SDVVpH GH  j  PLOOLRQV GH
WRQQHVHQ(XURSHHWGHjSOXVGHWRQQHVHQ)UDQFH1pDQPRLQVHQGpSLWGH
FHWWH DXJPHQWDWLRQGH OD SURGXFWLRQ OD GHPDQGH D GHSOXV HQSOXV HQPDO j rWUH VDWLVIDLWH
&HOD V¶H[SOLTXH HQWUH DXWUHV SDU OD PDLQ PLVH GHV JURXSHV pQHUJpWLTXHV HXURSpHQV TXL
©V¶DUUDFKHQW FH SURGXLW SRXU OH EUOHU DX PrPH WLWUH TXH OH FKDUERQ GDQV OHXUV FHQWUDOHV
WKHUPLTXHVª*ROG0DLQPLVHTXLFUpHGHJURVVHVWHQVLRQVVXUOHVPDUFKpVGXJUDQXOp




©Q¶H[SRUWHUDLHQW SOXV OHXU SURGXFWLRQ >«HW@ OD UpVHUYHUDLHQW DX PDUFKp ORFDOª ¬ FHOD
V¶DMRXWHODFULVHGHODFRQVWUXFWLRQHQ(XURSHTXLDSURYRTXpXQHIIRQGUHPHQWGHO¶DFWLYLWpGHV
VFLHULHV TXL pWDLHQW OHV SULQFLSDOHV SRXUYR\HXVHV GHPDWLqUH SUHPLqUH SRXU OD IDEULFDWLRQ GH
JUDQXOpV )DFH j FHV LQFHUWLWXGHV HW j O¶DXJPHQWDWLRQ GHV SUL[ GHV JUDQXOpV UpVXOWDQW GHV
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
WHQVLRQV VXU OHVPDUFKpV OHVPDvWUHV G¶RXYUDJH HW OHV IRXUQLVVHXUV GHGHQGURFRPEXVWLEOHV
FKHUFKHQWjVpFXULVHUOHXUVDSSURYLVLRQQHPHQWVHQGLYHUVLILDQWOHXUVSDQHOVGHFRPEXVWLEOHV

/¶HQVHPEOH GH FHV FRQVWDWV DXJPHQWDWLRQ GX QRPEUH GH FKDXIIHULHV HW GH OD GHPDQGH HQ
SODTXHWWHVIRUHVWLqUHVLQFHUWLWXGHVIDFHjODGLVSRQLELOLWpGXJLVHPHQWLQGXVWULHOFRQFRXUWjOD
QpFHVVLWpGHGLYHUVLILHUO¶RIIUHHQUHFRXUDQWjXQFRPEXVWLEOHPRLQVVXMHWDX[FRQIOLWVG¶XVDJH











,VVXHV VRLW GHV DFFUXV IHXLOOXV RX WDLOOLV VRLW GHV UpPDQHQWV GH FRXSHV UDVHV RX HQFRUH GHV
pFODLUFLHVOHVSODTXHWWHVIRUHVWLqUHVFRQVWLWXHQWXQHYDORULVDWLRQLQWpUHVVDQWHSRXUGHVSURGXLWV
IRUHVWLHUVTXLQ¶DXUDLHQWSDVIRUFpPHQWGHGpERXFKpVDLOOHXUV)RUrW3ULYpH)UDQoDLVH




SRXU GpYHORSSHU OD ILOLqUH ERLVpQHUJLH HQ 5K{QH$OSHV ©(OOHV RIIUHQW pJDOHPHQW GHV
GpERXFKpV FRPPHUFLDX[ SHUPHWWDQW GH UpDOLVHU FHUWDLQHV RSpUDWLRQV G¶HQWUHWLHQ j PRLQGUH
IUDLVª DPpOLRUDQW DLQVL OD JHVWLRQ IRUHVWLqUHª $LQVL ©OD SURGXFWLRQ GHV SODTXHWWHV
IRUHVWLqUHVDSSDUDvWHQYLVDJHDEOHVXUGHVFKDQWLHUVGHSUHPLqUHpFODLUFLHUpVLQHXVHRXVXUGHV
FKDQWLHUVGHQHWWR\DJHGHVSDUFHOOHVGHFKDEOLVQRQH[SORLWpV(QUHYDQFKHOHQHWWR\DJHG¶XQ
SDUWHUUH GH FRXSH UDVHSDU XQHSURGXFWLRQGHSODTXHWWHV IRUHVWLqUHV SUpVHQWH SHXG¶LQWpUrW ª
3RXSHDXHWDO

'DQV XQ FRQWH[WH GH IRUrW VRXVH[SORLWpH HW GH ILOLqUH ERLV HQ GLIILFXOWp 3XHFK  OD
YDORULVDWLRQGHVUpPDQHQWVGHO¶H[SORLWDWLRQIRUHVWLqUHVRXVIRUPHGHSODTXHWWHVDSSDUDvWGRQF
SRUWHXVH G¶LPSRUWDQWV HQMHX[ HQPDWLqUH G¶DPpQDJHPHQW WHUULWRULDO HW IRUHVWLHU HW FRQVWLWXH

6HORQ>&+$@HQ$OOHPDJQHOHVJUDQXOpVERLVVRQWPrPHGHYHQXVEULqYHPHQWSOXVFKHUVTXHOHILRXO








XQH ©QRXYHOOH GRQQH SRXU OHV DFWHXUV KLVWRULTXHV GH OD ILOLqUHª 3RXSHDX HW DO 
©$LQVL MXVTX¶j SUpVHQWPLV j SDUW TXHOTXHV RSpUDWLRQV SRQFWXHOOHV OD SODTXHWWH IRUHVWLqUH
Q¶LQWpUHVVDLWJXqUH OHVSURWDJRQLVWHVGH OD ILOLqUHERLVpQHUJLH >HW@ VHXOVTXHOTXHVDFWHXUVHQ
PDUJH GX PDUFKp GRPLQDQW V¶HIIRUoDLHQW GH OD YDORULVHUª ©/HV SODTXHWWHV IRUHVWLqUHV
FRQVWLWXHQW DLQVL SRXU QRWUH SD\V XQ FRPEXVWLEOH ELRPDVVH GRQW OH SRWHQWLHO HVW WUqV




GHYUDLW SHUPHWWUH DX PRLQV GH PDQLqUH SRQFWXHOOH GH UpVRUEHU FHUWDLQV FRQIOLWV
G¶XVDJH%RLWWLQ HW DO  4XDQW j O



























$LQVL HQ GpSLW G¶DSSDUHQWV DYDQWDJHV OH GpYHORSSHPHQW GH OD SODTXHWWH IRUHVWLqUH HVW SRXU
O¶KHXUHOLPLWpSDUFHUWDLQVIDFWHXUVFUDLQWHVGHVDXWUHVDFWHXUVGHODILOLqUHTXLYRLHQWGDQVOH
GpYHORSSHPHQWGH ODSODTXHWWH IRUHVWLqUHXQHFRQFXUUHQFHSRXU OD ILOLqUH©FODVVLTXHªSUL[
FRQWUDLQWHV GHPRELOLVDWLRQ HWF $X FDUDFWqUH UpFHQW HW j O¶LPSRUWDQFH GHVPXWDWLRQV GH OD





/¶DFFqV j OD UHVVRXUFH GDQV FH FRQWH[WH WHQG j GHYHQLU XQ HQMHX SRXU O¶HQVHPEOH GHV
SURWDJRQLVWHV ¬ FHOD V¶DMRXWHQW pJDOHPHQW GH QRPEUHXVHV FUDLQWHV SDUPL OHV DFWHXUV GH OD






FRQFXUUHQWV VXU ODPDWLqUH IRUHVWLqUH RQ FRQVWDWH TXH OHV FRPSDUWLPHQWV ERLV G
LQGXVWULH HW
ERLVpQHUJLH VH UHFRXYUHQW WUqV IRUWHPHQW HW V






8QGHX[LqPH IUHLQDXGpYHORSSHPHQWGH O¶XWLOLVDWLRQGHVSODTXHWWHV IRUHVWLqUHV HVW VRQ FRW
UHODWLYHPHQW LPSRUWDQW ,7(%(  SDU UDSSRUW DX[ GHQGURFRPEXVWLEOHV LVVXV GHV
LQGXVWULHVGHWUDQVIRUPDWLRQGXERLV,VVXVGHODILOLqUHGpFKHWVFHVGHUQLHUVRQWIRUFpPHQWXQ
FRW PRLQGUH HW FH PDOJUp OHV WHQVLRQV VXU OHV PDUFKpV SUpFpGHPPHQW pYRTXpHV TXH OD
SODTXHWWHIRUHVWLqUHTXLQpFHVVLWHODPLVHHQSODFHGHWRXWHXQHORJLVWLTXHVSpFLILTXH$LQVL
VHORQ +HOGHUOH  ©OH FRW GH SURGXFWLRQ GH SODTXHWWHV IRUHVWLqUHV UHVWH FHSHQGDQW
UHODWLYHPHQW pOHYp SDU UDSSRUW j G¶DXWUHV FRPEXVWLEOHV ERLV GX IDLW QRWDPPHQW GH OD
ORJLVWLTXH jPHWWUH HQ SODFH SRXU VRUWLU OHV VRXVSURGXLWV GH OD SDUFHOOH YDULDQW GH j 
HXURVSDU WRQQHDYHFGHVSURFHVVGH IDEULFDWLRQGH W\SH³LQGXVWULHO´jSOXVGHHXURVSDU
WRQQH GDQV OH FDV GH IDEULFDWLRQ GH W\SH ³DUWLVDQDO´ª  &H FRQVWDW HVW FRUURERUp SDU
O¶,7(%(TXLSXEOLHXQHIRXUFKHWWHGHSUL[DOODQWGHjHXURVSDUWRQQHODYDULDELOLWp
V¶H[SOLTXDQW SDU O¶RULJLQH GHV VRXUFHV G¶DSSURYLVLRQQHPHQW OHV HVVHQFHV OD TXDOLWp GX
FRPEXVWLEOHK\JURPpWULHHWJUDQXORPpWULHODORJLVWLTXHG¶DSSURYLVLRQQHPHQWHWF/¶,7(%(
 SUpFLVH TXH OH SUL[ UHODWLYHPHQW pOHYp GX ERLV GpFKLTXHWp G¶RULJLQH IRUHVWLqUH HVW
JpQpUDOHPHQW OLp DX[ FKRL[ GHV WHFKQLTXHV G¶H[WUDFWLRQ GX FRPEXVWLEOH OHV ORJLVWLTXHV
XWLOLVpHVpWDQWOHSOXVVRXYHQWGLUHFWHPHQWHPSUXQWpHVDX[H[SORLWDWLRQVFODVVLTXHVHQURQGLQV










/D ILJXUHQRXV UHQVHLJQH VXU OHV SUL[ GHV GLIIpUHQWV FRPEXVWLEOHVERLV%LHQTXHGHX[j
WURLV IRLV SOXV FKqUHV TXH OHV SODTXHWWHV LQGXVWULHOOHV HW GpFKHWV LQGXVWULHOV EDQDOV OHV





/H SUL[ GH OD SODTXHWWH IRUHVWLqUH GpSHQGDQW GHV FRQGLWLRQV ORFDOHV GH PRELOLVDWLRQ GH
WUDQVSRUWGHVPDUFKpVGXERLVOHVSRVWHVGHGpSHQVHVRQWGHIDLWWUqVKpWpURJqQHVHWGLIILFLOHV
j pYDOXHU WDEOHDX  3DU DLOOHXUV VHORQ %RLWWLQ HW DO  OH PDUFKp GH OD SODTXHWWH
IRUHVWLqUHHVWWUqVGpSHQGDQWGHVYDULDWLRQVGXPDUFKpGXERLVG
LQGXVWULHHWODIRXUFKHWWHGHV
FRWV GH SURGXFWLRQ HVW H[WUrPHPHQW ODUJH FRPSWH WHQX GH OD GLYHUVLWp GHV FRQGLWLRQV GH
FKDQWLHUOHVYDULDWLRQVFRQVWDWpHVSHXYHQWDLQVLDOOHUMXVTX¶j




















LO VHUDLW QpFHVVDLUH GHSUHQGUH HQ FRPSWH OD GLPHQVLRQ pFRQRPLTXHGX FRW GH OD SODTXHWWH
IRUHVWLqUHFHSDUDPqWUHpWDQWXQGHVVHXOV OHYLHUVHIILFDFHVSRXU ODSURPRWLRQGHFH W\SHGH
FRPEXVWLEOHOHVPDvWUHVG¶RXYUDJHHWOHVVRFLpWpVG¶DSSURYLVLRQQHPHQWUHFKHUFKDQWDYDQWWRXW
jPD[LPLVHUOHXUVSURILWVHWDPRUWLUOHVIUDLVFRQVpFXWLIVjODPLVHHQSODFHGHODFKDXIIHULH
&HSHQGDQW OD YDULDELOLWp GHV SUL[ HVW WHOOH TX¶LO QRXV DSSDUDvW SRXU O¶KHXUH H[WUrPHPHQW





1.2. Un enjeu de développement local 
 
0DvWUHV G¶RXYUDJH HW VRFLpWpV G¶DSSURYLVLRQQHPHQW V¶DFFRUGHQW WUqV VRXYHQW j GLUH TXH OD







3RXU GpILQLU OHV EDVVLQV ORFDX[ G





HVSDFH UpJLRQDO IUDQFFRPWRLV /HV FROOHFWLYLWpV ORFDOHV RQW pJDOHPHQW SDUIRLV WHQGDQFH j
UDLVRQQHU VHORQ FHWWH ORJLTXH1RXV SRXYRQV G









/H FRQFHSW GH ORFDO HVW LQGLVVRFLDEOH GH FHOXL GH SUR[LPLWp &HWWH GHUQLqUH V
pYDOXH
SULQFLSDOHPHQW DXPR\HQ GH OD GLVWDQFH TXL HVW O
XQ GHV FRQFHSWV SKDUHV GH OD JpRJUDSKLH
















VLWXH SOXV GDQV OH FDGUH G






©/D SODTXHWWH IRUHVWLqUH G
RULJLQH ORFDOH XWLOLVpH FRPPH FRPEXVWLEOH SULQFLSDO GDQV GHV
SURMHWVFRKpUHQWVjO
pFKHOOHGHVWHUULWRLUHVSHUPHW
x GH GpYHORSSHU OH WLVVX VRFLDO HQ PLOLHX UXUDO JUkFH j OD UHORFDOLVDWLRQ GH
O¶DSSURYLVLRQQHPHQWTXLPDLQWLHQWRXFUpHGHVHPSORLVx G¶DJLUHQIDYHXUGHO¶HQYLURQQHPHQWHQOLPLWDQWOHVpPLVVLRQVGHJD]jHIIHWGHVHUUHx GHOXWWHUFRQWUHOHUpFKDXIIHPHQWFOLPDWLTXHx G¶DPpOLRUHUODTXDOLWpHWOHELODQpFRQRPLTXHGHODJHVWLRQIRUHVWLqUHx G
DVVXUHU OD VWDELOLWp pFRQRPLTXH HW OD VpFXULWp GHV DSSURYLVLRQQHPHQWV HQ FRPEXVWLEOH
GDQVXQFRQWH[WHGHPDUFKpGHVpQHUJLHVIRVVLOHVIOXFWXDQWx G¶LQGXLUHGHVpFRQRPLHVILQDQFLqUHVSRXUOHVFROOHFWLYLWpVª
6RXUFH3URJUDPPH1000 chaufferies bois pour le milieu rural
6L OD YDORULVDWLRQ GHV FRQQH[HV GH VFLHULH HW DXWUHV GpFKHWV GH O¶LQGXVWULH GX ERLV HVW
pFRQRPLTXHPHQW LQWpUHVVDQWH SRXU OHV LQGXVWULHV TXL OHV SURGXLVHQW HW SRXU OHV PDvWUHV
G¶RXYUDJHGHVFKDXIIHULHVFRPEXVWLEOHFRPSpWLWLIODSODTXHWWHIRUHVWLqUHSUpVHQWHpJDOHPHQW
G¶LQGpQLDEOHV HQMHX[ GH GpYHORSSHPHQW ORFDO G¶DPpQDJHPHQW WHUULWRULDO HW IRUHVWLHU ¬ OD
GLIIpUHQFHGXJLVHPHQWLQGXVWULHOODSODTXHWWHIRUHVWLqUHJpQqUHHQHIIHWGHVDFWLRQVGHJHVWLRQ
IRUHVWLqUHHW V\OYLFROHVjGHV ILQV VSpFLILTXHPHQWpQHUJpWLTXHV(QFH VHQVHOOHHVW GRQFDX
F°XUGHVSUREOpPDWLTXHVpQHUJpWLTXHVHWIRUHVWLqUHVHWVDSURGXFWLRQJpQqUHGHO¶HPSORLORFDO
SRXU OD PRELOLVDWLRQ GH OD UHVVRXUFH OLJQHXVH OH VWRFNDJH GHV SODTXHWWHV HW OHV
DSSURYLVLRQQHPHQWV GHV FKDXIIHULHV1pDQPRLQV VL FHWWH DIILUPDWLRQ DSSDUDvW ORJLTXH UDUHV
VRQW OHV FKLIIUHVYHQDQW DSSX\HUFHFRQVWDW HW GHJURVVHV LQFHUWLWXGHVSqVHQW VXU OHV FKLIIUHV
SURVSHFWLIVHQPDWLqUHGHFUpDWLRQG¶HPSORLVORFDX['¶DXWUHSDUWFRQVLGpUDQWOHF\FOHGHYLH
GHV FRPEXVWLEOHV ERLV QRXV SRXUULRQV DMRXWHU XQ DUJXPHQW VXSSOpPHQWDLUH HQ IDYHXU GH OD
SODTXHWWH IRUHVWLqUH TXL j OD GLIIpUHQFH G¶DXWUHV FRPEXVWLEOHV W\SH JUDQXOpV SUpVHQWH GHV




GH GpYHORSSHPHQW GXUDEOH ORFDO« j FRQGLWLRQ GH SURYHQLU GH UHVVRXUFHV ORFDOHV
O¶H[SORLWDWLRQ GH UHVVRXUFHV ORFDOHV SHUPHWWDQW QRXV O¶DYRQV YX GH FUpHU GH O¶HPSORL HW GX




/D GLPLQXWLRQ GHV pPLVVLRQV GH FDUERQH HW GHV FRWV GH WUDQVSRUW HQ FDV
G¶DSSURYLVLRQQHPHQWV ORFDX[ VRQW GHV DUJXPHQWV VXSSOpPHQWDLUHV SRXU OD SURPRWLRQ GH
FLUFXLWV FRXUWV 2U GDQV XQH RSWLTXH GH GpYHORSSHPHQW HW GH YDORULVDWLRQ GHV UHVVRXUFHV
ORFDOHV LO QRXV VHPEOH LQGLVSHQVDEOH GH FRQQDvWUH O¶RULJLQH JpRJUDSKLTXH GHV
GHQGURFRPEXVWLEOHV (Q HIIHW FRPPHQW DIILUPHU TXH OH ERLVpQHUJLH JpQqUH GX
GpYHORSSHPHQW ORFDO HW SHUPHW OD YDORULVDWLRQ GH IRUrWV HW GH UHVVRXUFHV ORFDOHV VL O¶RQ QH
FRQQDvW SDV OD SURYHQDQFH GH ODPDWLqUH OLJQHXVH" 6HORQ OH )&%$  HW %RLWWLQ HW DO
 ©OD SURYHQDQFH F¶HVWjGLUH OD ]RQH JpRJUDSKLTXH GH SURGXFWLRQ GX SURGXLW Q¶HVW
SDVXQFULWqUHGHFODVVHPHQW>SRXUODSODTXHWWHIRUHVWLqUHDXPrPHWLWUHTXHODJUDQXORPpWULH
OH WDX[ G¶KXPLGLWp HWF@ /H FRPLWp HXURSpHQ GH QRUPDOLVDWLRQ &(1 UHFRPPDQGH
>VHXOHPHQW@ GH SUpFLVHU OH SD\V G¶RULJLQH VXU OD ILFKH GH GpFODUDWLRQ GX FRPEXVWLEOHª ,O
FRQYLHQWQpDQPRLQVGHVRXOLJQHUTXH©FHWWHLQIRUPDWLRQSHXWrWUHSUpFLVpHFRQWUDFWXHOOHPHQW
UpJLRQ GpSDUWHPHQW ]RQDJH VSpFLILTXH W\SH ,&+1 HWF WRXW FRPPH OD FHUWLILFDWLRQ ©
JHVWLRQ GXUDEOHª &HSHQGDQW DILQ GH JDUDQWLU O¶RULJLQH GHV SODTXHWWHV IRUHVWLqUHV OHV
RSpUDWHXUVSHXYHQWGpFLGHUGHPHWWUHHQSODFHXQV\VWqPHGHWUDoDELOLWpGHVSURGXLWVGDQVOH





GRLYHQW rWUH PRELOLVpHV GDQV XQ UD\RQ LQIpULHXU j XQ NLORPpWUDJH FRQYHQX GDQV OH EXW GH
OLPLWHU OHV GLVWDQFHV GH WUDQVSRUWV UHVSRQVDEOHV G¶pPLVVLRQV GH &2 8QH FROOHFWLYLWp
SURSULpWDLUH G
XQH IRUrW SHXW QpDQPRLQV SURGXLUH HW FRQVRPPHU VHV SURSUHV SODTXHWWHV
IRUHVWLqUHV VL HOOH GpFLGH G




HVW OH FDV GH OD FRPPXQH GH &KDPSYDQV -XUD TXL D XQ






























IRUHVWLqUHV SDU SRVWH GH FRW PDWLqUH SUHPLqUH H[SORLWDWLRQ WUDQVSRUW HWF 6HORQ OH
&HPDJUHIHW0|OOHUHW1LHOVHQHWO
XQGHVSRVWHVGHFRWVPDMHXUVGH
OD SODTXHWWH IRUHVWLqUH HVW OH WUDQVSRUW GRQW OD YDOHXU HVW LQWULQVqTXHPHQW OLpH DX
SRVLWLRQQHPHQWJpRJUDSKLTXHGHVIRUrWVHWSODQWDWLRQVpQHUJpWLTXHV2UODFRPSRVLWLRQGX
SUL[ GX FRPEXVWLEOH YDULH IRUWHPHQW VHORQ OHV FRQWH[WHV DLQVL GDQV OHV ]RQHV SHQWXHV
QpFHVVLWDQWXQGpEDUGDJHSDU FkEOH ODPRELOLVDWLRQ DXUDXQ FRW VXSpULHXU TXHGDQVXQH
]RQHSODQH




GH OD FRQVRPPDWLRQGH FDUEXUDQW TXL HOOH HVW SURSRUWLRQQHOOH DX[GLVWDQFHV SDUFRXUXHV









FURLVVDQWH HQ UDLVRQ GH OD FRPSpWLWLYLWp GHV SUL[ SUDWLTXpV  GHV H[WHUQDOLWpV QpJDWLYHV VRQW
QpDQPRLQV j SUHQGUH HQ FRQVLGpUDWLRQ $LQVL OD EDODQFH SRVLWLYH GHV pPLVVLRQV GH &2 HW
DXWUHVH[WHUQDOLWpVQpJDWLYHVGXHVjGHORQJXHVGLVWDQFHVGHWUDQVSRUWODFRQJHVWLRQGXWUDILF
URXWLHU VRQW DXWDQW GH IDFWHXUV DWWHVWDQW GH OD SHUWLQHQFH GH OD OLPLWDWLRQ GHV GLVWDQFHV GH
WUDQVSRUW HQ GRQQDQW OD SULRULWp DX[ FRPEXVWLEOHV ORFDX[ &HW DUJXPHQW HVW FRUURERUp SDU
/RXERX]HHWOH*XHUQOHVLPSDFWVHQYLURQQHPHQWDX[OLpVjODSURGXFWLRQLQGXVWULHOOH
GHV SODTXHWWHV VRQW HVVHQWLHOOHPHQW GXV DX IRQFWLRQQHPHQW GHV PRWHXUV WKHUPLTXHV /D
PDvWULVH GHV GLVWDQFHV GH WUDQVSRUWV O





GH GpYHORSSHPHQW ORFDO 'DQV XQ FRQWH[WH DFWXHO GH IDLEOH FRW GH WUDQVSRUW OH IDFWHXU
GLVWDQFH SRXUWDQW IDFLOHPHQW PDLWULVDEOH Q
HVW SDV YUDLPHQW PLQLPLVp (Q UHYDQFKH VL OHV






FKRVHV DXWUHPHQW /¶pYDOXDWLRQ GX FRW HQYLURQQHPHQWDO GHV WUDQVSRUWV SHUPHWWUDLW DLQVL GH
UpIOpFKLUDXFRQFHSWGHSUR[LPLWpHWDXPR\HQGH O¶pYDOXHUFHTXLVHUDLW WUqVXWLOHGDQVXQH
GpPDUFKHG¶DLGHjODGpFLVLRQHWG¶DFFRPSDJQHPHQWGHODILOLqUHGDQVODPHVXUHROHVPDvWUHV








SRXU OD UpJLRQ )UDQFKH&RPWp OD FRQVRPPDWLRQ DFWXHOOH  GH SODTXHWWHV IRUHVWLqUHV HVW GH
 WRQQHVDQ SRXU XQ SRWHQWLHO IDFLOHPHQW PRELOLVDEOH HVWLPp HQWUH  HW 








OHV WHQVLRQV VXU OHV PDUFKpV GH ERLV WHQGHQW j V¶H[DFHUEHU HQ UDLVRQ GH OD KDXVVH GH OD
GHPDQGH HW GHV FRQFXUUHQFHV G¶XVDJHV OD SODTXHWWH IRUHVWLqUH GHYLHQW GRQF XQ FRPEXVWLEOH
LQFRQWRXUQDEOH $LQVL ©OH GpYHORSSHPHQW GH OD ILOLqUH SODTXHWWHV IRUHVWLqUH SHUPHWWUD GH
UpGXLUH OHV WHQVLRQV VXU OHPDUFKpGH ODPDWLqUH HQSDUWLFXOLHUYLVjYLVGH OD ILOLqUHSkWHHW
SDQQHDX[ª$'(0(3DUDLOOHXUVGDQVXQHK\SRWKqVHWRXWjIDLWSODXVLEOHGHFRQWLQXDWLRQ
GH OD WHQGDQFHj O¶DXJPHQWDWLRQGXQRPEUHGHFKDXIIHULHVERLVSDUDOOqOHPHQWj O¶pPHUJHQFH
GHWUqVJURVSURMHWVGHFRJpQpUDWLRQLOHVWWRXWjIDLWSHUWLQHQWGHUpIOpFKLUGqVjSUpVHQWVXUOHV
PR\HQV G¶RSWLPLVHU OD VWUXFWXUDWLRQ GHV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV 'H
SOXV OHV HQMHX[ OLpV j O¶XWLOLVDWLRQ GH FH FRPEXVWLEOH UHQRXYHODELOLWp DPpQDJHPHQW GX
WHUULWRLUHORJLVWLTXHjIRUWHFRPSRVDQWHVSDWLDOHGpYHORSSHPHQWORFDOHWFMXVWLILHQWTXHQRXV
QRXV\LQWpUHVVLRQVGHIDoRQSUpIpUHQWLHOOHGDQVOHFDGUHGHFHVWUDYDX[GHUHFKHUFKH'HSOXV
DX YX GHV REMHFWLIV JpQpUDX[ GH FHV WUDYDX[ QRXV QRXV LQWpJURQV SDUIDLWHPHQW ELHQ GDQV
O
HVSULW GH OD SROLWLTXH UpJLRQDOH TXL WpPRLJQH G¶XQ IRUW ©VRXFL GH GpYHORSSHPHQW ORFDO j

%RLWWLQHWDOHVWLPHQWODFRQVRPPDWLRQDQQXHOOHGHSODTXHWWHVIRUHVWLqUHVHQ)UDQFKH&RPWpjW
 (W FH G¶DXWDQW SOXV TXH O¶$'(0( LPSRVH WKpRULTXHPHQW XQH SURSRUWLRQ PLQLPDOH GH  GH SODTXHWWHV
IRUHVWLqUHVjO¶KHXUHDFWXHOOHGDQVOHVSODQVG¶DSSURYLVLRQQHPHQWGHVFKDXIIHULHVTX¶HOOHILQDQFHVRXUFH$GHPH
)&6RSKLH*RXWDODQG
 '¶DSUqV OHV GRFXPHQWV UHPLV j O¶LVVXH GH OD IRUPDWLRQ bois-énergie dans le collectif/tertiaire, comment 













/D VDWLVIDFWLRQ G¶XQ QRPEUH FURLVVDQW GH FKDXIIHULHV HVW VDQV QXO GRXWH O¶XQ GHV HQMHX[
PDMHXUV GH OD ILOLqUH HW FH G¶DXWDQW SOXV TXH OD SODTXHWWH IRUHVWLqUH WHQG j GHYHQLU XQ
FRPEXVWLEOH SUpIpUHQWLHO &¶HVW OD UDLVRQ SRXU ODTXHOOH LO HVW QpFHVVDLUH GH FRPSUHQGUH





2.1. Les étapes de l’approvisionnement 

/HV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV VRQW GHV SURFHVVXV FRPSOH[HV TXL VH
GpILQLVVHQWSDUSOXVLHXUVpWDSHVRXVRXVSURFHVVXVDXFRXUVGHVTXHOV LQWHUYLHQQHQWXQJUDQG
QRPEUH G
DFWHXUV GHSXLV OD SURGXFWLRQ GH SODTXHWWHV MXVTX
j OHXU DFKHPLQHPHQW GDQV OHV
FKDXIIHULHV ILJXUH  $SUqV DYRLU H[SRVp OH IRQFWLRQQHPHQW JOREDO GH OD FKDLQH
G
























3UHPLHU PDLOORQ GH OD FKDvQH OHV DFWHXUV GH OD SURGXFWLRQ HW GH O¶H[SORLWDWLRQ IRUHVWLqUH
LQWHUYLHQQHQWjODIRLVGDQVO¶H[SORLWDWLRQHWGDQVOHEUR\DJHGpFKLTXHWDJHTXLHVWODSUHPLqUH
pWDSHGH WUDQVIRUPDWLRQGH ODPDWLqUH OLJQHXVHHQSODTXHWWHV IRUHVWLqUHV'HFHSURFHVVXVGH
PRELOLVDWLRQGpFRXOHQWSOXVLHXUV HQMHX[H[WUrPHPHQW LPSRUWDQWV WHOVTXH ODGpILQLWLRQGH OD
GLVSRQLELOLWp GH OD UHVVRXUFH OD QDWXUH GHV UHVVRXUFHV SUpOHYpHV O¶DVVXUDQFH GH
UHQRXYHODELOLWpHWF3RXUODproductionSURSUHPHQWGLWHLOV¶DJLWG¶XQSURFHVVXVUHOHYDQWGHOD
FRPSpWHQFHGHVSURSULpWDLUHVHWRXJHVWLRQQDLUHVSRXUODIRUrWSULYpHOHVFRRSpUDWLYHVH[SHUWV
SULYpV HW DXWUHV RUJDQLVPHV GH JHVWLRQ D\DQW XQ U{OH GH SUHPLHU SODQ GDQV OD SURGXFWLRQ
OLJQHXVH HW D IRUWLRUL GH SODTXHWWHV IRUHVWLqUHV $LQVL ©OHV FRRSpUDWLYHV HW JURXSHPHQWV GH
JHVWLRQ DVVXUHQW OH UHJURXSHPHQW  WHFKQLTXH pFRQRPLTXH HW ORJLVWLTXH GH OD SURGXFWLRQ
IRUHVWLqUH SULYpH DYHF XQ REMHFWLI GH ILDELOLVDWLRQ TXDQWLWDWLYH HW TXDOLWDWLYH >HW@ SHUPHW
O¶RSWLPLVDWLRQ GH VHUYLFHV WHOV TXH OD FRRUGLQDWLRQ GHV DSSURYLVLRQQHPHQWV UpDOLVpV SDU
SOXVLHXUVFRRSpUDWLYHVVXUOHVPrPHVVLWHVLQGXVWULHOVODFHUWLILFDWLRQGHODJHVWLRQGXUDEOHGH
OHXUV DGKpUHQWV OD SURGXFWLRQ GH SODTXHWWHV IRUHVWLqUHV SRXU OH ERLVpQHUJLH HWFª )RUrW









3RXU OHV SKDVHV G¶exploitation DEDWWDJH HW GpEDUGDJH ELHQ TXH WRXWHV VRUWHV GH VFKpPDV
VRLHQW SRVVLEOHV OH WUDYDLO HVW HVVHQWLHOOHPHQW DVVXUp SDU OHV (7) /HV SURSULpWDLUHV HW
JHVWLRQQDLUHV SHXYHQW VRXVWUDLWHU RX FRWUDLWHU FHV SKDVHV G¶H[SORLWDWLRQ VRLW HQ HPSOR\DQW





GH UpPDQHQWV VXU SODFH SRXU GHV UDLVRQV GH SURWHFWLRQ SpGRORJLTXH HW GH PDLQWLHQ GH OD
ELRGLYHUVLWp3RXUFHWWHSKDVHGHEUR\DJHQRXVREVHUYRQVpJDOHPHQWXQHYRORQWpGHV&80$
FRRSpUDWLYHV G¶8WLOLVDWLRQ GX PDWpULHO $JULFROH GH V¶LPSOLTXHU OHV DJULFXOWHXUV
SURSULpWDLUHV GH IRUrWV RX QRQ VRXKDLWDQW V¶HQJDJHU GDQV OD SURGXFWLRQ GH SODTXHWWHV
IRUHVWLqUHV







GDQV XQH PDWULFH G
LQWHUDFWLRQV VSDWLDOHV HQWUH GHV OLHX[ GH SURGXFWLRQ GH SODTXHWWHV
IRUHVWLqUHV HW GHV OLHX[ GH GHVWLQDWLRQ UHSUpVHQWpV SDU OHV FKDXIIHULHV 2U OD PDWULFH




8QH IRLV OD PDWLqUH OLJQHXVH DEDWWXH HW GpEDUGpH HOOH SHXW rWUH GpFKLTXHWpH VXU SODFH RX
DFKHPLQpH WHOOH TX¶HOOH YHUV XQH SODFH GH VWRFNDJH RX HOOH VHUD HQVXLWH GpFKLTXHWpH ,O
FRQYLHQWpJDOHPHQWGHSUpFLVHUTXHODSODWHIRUPHGHVWRFNDJHSHXWDXVVLVHUYLUSRXUOHVSKDVHV
GHVpFKDJHGXFRPEXVWLEOHHWTXHOHXUXVDJHHVWXWLOHSRXUVpFXULVHUOHVDSSURYLVLRQQHPHQWV
RX DFFURvWUH OD TXDOLWp GX FRPEXVWLEOH  &HSHQGDQW TXHOTXH VRLW OD FRQILJXUDWLRQ FKRLVLH
DSSURYLVLRQQHPHQWDYHFRXVDQVUXSWXUHGHFKDUJHLOIDXWWUDQVSRUWHUOHFRPEXVWLEOH




PRQWDJHV MXULGLTXHV SRVVLEOHV EDLO FRPPHUFLDO FRQWUDW GH GpS{W H[SORLWDWLRQ SDU XQ







XQH LQILQLWp GH FRQILJXUDWLRQV SRVVLEOHV OHXU FRQIpUDQW XQH JUDQGH FRPSOH[LWp /HV
SUREOpPDWLTXHV LQKpUHQWHV j OD VWUXFWXUDWLRQ GHV DSSURYLVLRQQHPHQWV VRQW H[DFHUEpHV SDU





SURFHVVXV G¶DSSURYLVLRQQHPHQWV GDQV OHV GRFXPHQWV FRQVWLWXWLIV G¶XQ SURMHW &HOD QRXV








2.2. L’approvisionnement dans les documents constitutifs d’un 
projet de chaufferie bois 
/HVpWDSHVG¶XQSURMHWGHFKDXIIHULHERLV

$YDQW TX¶XQ PDvWUH G¶RXYUDJH QH SUHQQH XQH GpFLVLRQ HQ IDYHXU GH OD UpDOLVDWLRQ G¶XQH












SURMHW VRQW GHV SKDVHV FOpV DX FRXUV GHVTXHOOHV OHPDvWUH G¶RXYUDJH GpILQLW OHV REMHFWLIV HW
RULHQWDWLRQVGHVRQSURMHWTXLSHXYHQWQDvWUHVHORQ3RXHWx GHODYRORQWpGHYDORULVHUGHVUHVVRXUFHVORFDOHVx GHODQpFHVVLWpGHUpQRYDWLRQRXGHFUpDWLRQGHEkWLPHQWVTXLLQGXLWXQFKDQJHPHQWGH
PRGHGHFKDXIIDJHx GHODQpFHVVLWpSRXUXQLQGXVWULHOGXERLVGHWURXYHUXQGpERXFKpSRXUVHVVRXVSURGXLWV
HWGpFKHWVx G¶XQH YRORQWp SROLWLTXH G¶DGKpUHU DX[ GpPDUFKHV GH PDvWULVH GH O¶pQHUJLH GH
GpYHORSSHPHQWGHV(15HWGHOXWWHFRQWUHO¶HIIHWGHVHUUHHWF

$YDQW OHPRQWDJHILQDQFLHU WHFKQLTXH MXULGLTXHHW ODUpDOLVDWLRQGHV WUDYDX[ LOFRQYLHQWGH
UpDOLVHU XQ FHUWDLQ QRPEUH G¶pWXGHV GH IDLVDELOLWp DILQ G¶pYDOXHU OD SHUWLQHQFH G¶XQ SURMHW





/D SURFpGXUH GH PRQWDJH G¶XQ SURMHW GH FKDXIIHULH ERLV GRQQH OLHX j OD SURGXFWLRQ G¶XQ
FHUWDLQQRPEUHGHGRFXPHQWVORUVTXHFHSURMHWHVWDYDOLVpSDUO
$'(0(FHTXLHVWOHFDVGH
OD WUqV JUDQGHPDMRULWp GHV FKDXIIHULHV /¶REMHFWLI HVW LFL GH YRLU TXHOOH HVW OHXU ILQDOLWp HW
FRPPHQWVRQWFRQVLGpUpVOHVDSSURYLVLRQQHPHQWVGDQVFHWWHGpPDUFKHGHFUpDWLRQGHSURMHWV
$ILQG¶pWD\HUQRWUH DUJXPHQWDLUHXQ H[HPSOH W\SHGHFKDFXQGHFHVGRFXPHQWV HVWPLV HQ
DQQH[H

/¶DQDO\VH G¶RSSRUWXQLWp HVW OH SUHPLHU GRFXPHQW pPLV SDU OHPDvWUH G¶RXYUDJH GpVLUHX[ GH
PHWWUHHQSODFHXQHFKDXIIHULHERLV,OV¶DJLWG¶XQGRFXPHQWV\QWKpWLTXHSUpVHQWDQWOHVHQMHX[
HWO¶LQWpUrWJpQpUDOGXSURMHW5K{QH$OSHVeQHUJLH(QYLURQQHPHQWILFKHQ/RUVGH
FHWWH pWDSH O¶DFFRPSDJQDWHXU HQ O¶RFFXUUHQFH ELHQ VRXYHQW OH FKDUJp GH PLVVLRQ ERLV
pQHUJLHGRLW ©DWWLUHU O¶DWWHQWLRQGXPDvWUHG¶RXYUDJH VXU O¶LPSRUWDQFHGX OLHQ FRPEXVWLEOH
FKDXIIHULHª F
HVWjGLUH O¶DSSURYLVLRQQHPHQW 6HORQ 5K{QH $OSHV eQHUJLH (QYLURQQHPHQW
 ILFKH Q ORUV GH O¶DQDO\VH G¶RSSRUWXQLWp LO V¶DJLW G¶pYRTXHU OHV SLVWHV SRVVLEOHV HQ
PDWLqUHG¶DSSURYLVLRQQHPHQWHQ©pWDEOLVVDQWOHOLHQHQWUHOHFRPEXVWLEOHVHFRXKXPLGHHW
OD FKDXIIHULH HQ IRQFWLRQ GX FRQWH[WH ORFDO GHV YRORQWpV GHVPDvWUHV G¶RXYUDJH HW OD WDLOOH
SUHVVHQWLH GX SURMHWª 0DLV FHOD UHVWH WUqV VXFFLQFW HW EDVp VXU OHV LQIRUPDWLRQV TXH









eWDSH XOWpULHXUH HW SOXV DSSURIRQGLH O¶pWXGH GH IDLVDELOLWp GRLW TXDQW j HOOH VHORQ
O¶$VVRFLDWLRQG¶,QLWLDWLYHV/RFDOHVSRXUO¶eQHUJLHHWO¶(QYLURQQHPHQWSHUPHWWUHGH
x YpULILHUODIDLVDELOLWpWHFKQLTXHHWpFRQRPLTXHGXSURMHWx SURSRVHU GHV VROXWLRQV WHFKQLTXHV DGDSWpHV DX FRQWH[WH HW DX[ SRVVLELOLWpV TX¶RIIUH OH
VLWHx FRPSDUHU OD VROXWLRQ ERLV DX[ DXWUHV SRVVLELOLWpV HQ WHUPHV G¶LQYHVWLVVHPHQW HW
G¶H[SORLWDWLRQx SURSRVHU GHV VROXWLRQV SRXU OH ILQDQFHPHQW GH O¶RSpUDWLRQ OH PRQWDJH MXULGLTXH HW
DGPLQLVWUDWLIx UHFKHUFKHUGHVVROXWLRQVYLVDQWjDVVXUHUODSpUHQQLWpG¶XQDSSURYLVLRQQHPHQWGH
TXDOLWpUpVHUYDQWXQHSODFHjODSODTXHWWHIRUHVWLqUHRXERFDJqUH
&RQFHUQDQW FH GHUQLHU SRLQW O¶pWXGH GH IDLVDELOLWp GRLW QRWDPPHQW GRQQHU GHV SLVWHV GH
UpIOH[LRQ SRXU ©O¶RSWLPLVDWLRQ VSDWLDOH GX VLWH SRXU OH VWRFNDJH GX FRPEXVWLEOH DYHF XQH
SULVH HQ FRPSWH GH O¶HQYLURQQHPHQW ORFDO HW GHV FRQWUDLQWHV GH VXUIDFHV HW GH YROXPHVª HW
FDUDFWpULVHU OHV UHVVRXUFHV ERLV VXVFHSWLEOHV G¶rWUH PRELOLVpHV SRXU O¶DSSURYLVLRQQHPHQW GH
O¶LQVWDOODWLRQ¬FHVWDGHGHVSURSRVLWLRQVFRQFUqWHVGRLYHQWrWUH IDLWHVSRXUGpYHORSSHUGHV
VROXWLRQVILDEOHVTXDQWjODIRXUQLWXUHGXFRPEXVWLEOH'HVLQIRUPDWLRQVSODXVLEOHVHWFKLIIUpHV
GRLYHQWrWUHGRQQpHVVXUx OHVFDUDFWpULVWLTXHVGHVSURGXLWVGLVSRQLEOHVx OHVVRXUFHVG¶DSSURYLVLRQQHPHQWSRVVLEOHVx ODQpFHVVLWpG¶XQHpYHQWXHOOHRUJDQLVDWLRQORFDOHGHODILOLqUHG¶DSSURYLVLRQQHPHQWG¶XQ
UHFRXUVjSOXVLHXUVIRXUQLVVHXUVx O¶LQWpJUDWLRQ GDQV XQH SROLWLTXH ORFDOH G¶DPpQDJHPHQW GX WHUULWRLUH G¶HQWUHWLHQ GH
O¶HVSDFHQDWXUHOGHODJHVWLRQGHVGpFKHWVx OH UHVSHFW GHV FRQGLWLRQV WUDQVPLVHV SDU OHV GpOpJDWLRQV UpJLRQDOHV GH O¶$'(0( HQ
PDWLqUHGHSRXUFHQWDJHPLQLPXPGHSODTXHWWHVIRUHVWLqUHVRXERFDJqUHVGDQVOHERXTXHW
GHVGHQGURFRPEXVWLEOHV
6HORQ OH VFKpPD JXLGH SRXU pWDEOLU XQ FDKLHU GHV FKDUJHV G¶pWXGH GH IDLVDELOLWp G¶XQH
FKDXIIHULH ERLV GHV LQIRUPDWLRQV VXSSOpPHQWDLUHV GRLYHQW rWUH DSSRUWpHV TXDQW DX[
©FDUDFWpULVWLTXHV SK\VLFRFKLPLTXHV HW OD QDWXUH GH FKDTXH W\SH GH JLVHPHQW OLHX[ GH
SURGXFWLRQFRQWUDLQWHVWHFKQLTXHVGHPRELOLVDWLRQpORLJQHPHQWGXVLWHGHFKDXIIHJLVHPHQW
GLIIXVFRQFHQWUp WUDQVSRUW HW j O¶pYROXWLRQ SUpYLVLEOHª 6HORQ O¶$'(0( OHV VFKpPDV
G¶RUJDQLVDWLRQG¶XQHILOLqUHG¶DSSURYLVLRQQHPHQWGRLYHQWrWUHpJDOHPHQWPLVHQpYLGHQFHHQ
WHQDQWFRPSWH©GHODSUR[LPLWpGXFRWGHODTXDOLWpGHVSRVVLELOLWpVGHFRQWUDFWXDOLVDWLRQ
Enjeux et problématiques liés à la valorisation énergétique de la biomasse ligneuse 
_________________________________________________________________________________  


















x GHV GRQQpHV JpQpUDOHV WHOOHV TXH O¶REMHFWLI GX FRQWUDW OHV TXDQWLWpV DQQXHOOHV RX
YROXPHVHVWLPpVODSpULRGHODGXUpHHWFx GHV LQIRUPDWLRQV VXU OD TXDOLWp GX FRPEXVWLEOH WDX[ KXPLGLWp PD[LPXP
JUDQXORPpWULHFHQGUHV«x GHV LQIRUPDWLRQV VXU OHV FRQWUDLQWHV WHFKQLTXHV OLpHV DX VLWH HW j OD FKDXIIHULH
ORFDOLVDWLRQDFFHVVLELOLWpPRGHVGHWUDQVIHUWx GHVLQGLFDWLRQVVXUOHVSUL[PRGDOLWpVG¶DFKDWWRQQH0:K«LQGH[DWLRQHWF

&¶HVW pJDOHPHQW GDQV FH GRFXPHQW TXH VRQW PHQWLRQQpHV OHV LQIRUPDWLRQV FRQFHUQDQW OD
WUDoDELOLWpGHVFRPEXVWLEOHVHWOHVFRQWUDLQWHVLPSRVpHVSDUODPDvWULVHG¶RXYUDJH$SUqV
UpFHSWLRQ GHV RIIUHV HW FKRL[ G¶XQ IRXUQLVVHXU XQ FRQWUDW GRLW rWUH pWDEOL SDU OH PDvWUH
G¶RXYUDJH RX OH JHVWLRQQDLUH GpOpJXp GDQV OH EXW GH VpFXULVHU O¶DSSURYLVLRQQHPHQW GH OD
FKDXIIHULH'DQVOHEXWG¶DVVXUHUODVpFXULWpGHVDSSURYLVLRQQHPHQWVHWGHIRXUQLUDX[PDvWUHV
G¶RXYUDJHXQFRPEXVWLEOHGHTXDOLWpXQWUqVJUDQGQRPEUHG¶DFWHXUVLQWHUYLHQQHQWGXUDQWOH













1RXV QH GLVSRVRQV TXH GH SHX G¶LQIRUPDWLRQV VXU OHV ORJLTXHV G¶DSSURYLVLRQQHPHQW HQ
FRPEXVWLEOHV ERLV 6HXOV OHV WUDYDX[ PHQpV SDU %RLWWLQ HW DO  GRQQHQW TXHOTXHV
pFODLUDJHV TXDQW DX[ ORJLTXHV G¶DSSURYLVLRQQHPHQW GHV FKDXIIHULHV FROOHFWLYHV GH IRUWH
SXLVVDQFH/HSUHPLHUFRQVWDWHVWTXHOHVORJLTXHVG¶DSSURYLVLRQQHPHQWVRQW©HVVHQWLHOOHPHQW




FDSDFLWp j PXWXDOLVHU OHV YROXPHV QpFHVVDLUHV TXHOOHV TXH VRLHQW OHXUV RULJLQHV HW GRQF GH
SDUDPqWUHVORJLVWLTXHVª$LQVL©O¶LQWpUrWG¶XQUDLVRQQHPHQWVXUOHWUDQVSRUWFRPPHYDULDEOH
G¶DMXVWHPHQW GHV UD\RQV G¶DSSURYLVLRQQHPHQW WURXYH pJDOHPHQW VRQ IRQGHPHQW HW VRQ
H[SOLFDWLRQGDQVOHIRQFWLRQQHPHQWHWODVWUXFWXUDWLRQGHFHUWDLQVDFWHXUV©QpJRFLDQWVªTXLVH
SRVLWLRQQHQW FODLUHPHQW QRQ SDV VHXOHPHQW HQ WDQW TXH IRXUQLVVHXU GH SODTXHWWH IRUHVWLqUH
PDLVFRPPHIRXUQLVVHXUGHVROXWLRQVORJLVWLTXHVFRPSOqWHV'HFHIDLWODPRELOLVDWLRQGHOD
UHVVRXUFH VH IDLW SDUIRLV VDQV FRKpUHQFH YpULWDEOH SDU UDSSRUW DX EDVVLQ JpRJUDSKLTXH
G¶DSSURYLVLRQQHPHQW PDLV SOXW{W VHORQ OHV ORJLTXHV WHFKQLFRpFRQRPLTXHV SURSUHV DX[























SDU XQH SURFpGXUH G¶DSSHO G¶RIIUHV PDLV FHWWH FRQILJXUDWLRQ HVW H[WUrPHPHQW UDUH /D




SRXU FRUROODLUH O¶pPHUJHQFH GH QRXYHDX[ DFWHXUV VSpFLILTXHPHQW SRVLWLRQQpV VXU OD
SUREOpPDWLTXH GH O¶DSSURYLVLRQQHPHQW 6HORQ 3KLOLSSH 1XQHV LQJpQLHXU WKHUPLFLHQ FHV
VRFLpWpVQRXYHOOHPHQWSRVLWLRQQpHVVXUOHVPDUFKpVGHODGHQGURpQHUJLHVHFRPSWDLHQWVXUOHV
GRLJWVGHODPDLQLO\DGL[DQV$XMRXUG¶KXLOHVGLVSRVLWLIVGHVRXWLHQjODILOLqUHERLVpQHUJLH
RQW SHUPLV O¶pPHUJHQFH GH SOXV GH  VRFLpWpV LPSRUWDQWHV VXU OH WHUULWRLUH QDWLRQDO TXL
DVVXUHQWGHVOLYUDLVRQVFRQVpTXHQWHVDOODQWGHjWRQQHVGHFRPEXVWLEOHV1RXVQH
FRQQDLVVRQV FHSHQGDQW TXH SHX GH FKRVHV VXU FHV VRFLpWpV G¶DSSURYLVLRQQHPHQW pJDOHPHQW
PHQWLRQQpHV VRXV OH YRFDEOH GH ©VWUXFWXUHV G¶DSSURYLVLRQQHPHQWª RX GH ©IRXUQLVVHXUV HQ
SODTXHWWHV IRUHVWLqUHVª VL FH Q¶HVW TX¶HOOHV UHJURXSHQW ©GH QRPEUHX[ DFWHXUV GH OD ILOLqUH
ERLVGpWHQWHXUV HWSURGXFWHXUVGH OD UHVVRXUFH H[SORLWDQWVIRUHVWLHUV VFLHXUV HQWUHSULVHVGH
GHX[LqPHWUDQVIRUPDWLRQª31XQHV6LO¶RQVHUpIqUHjODILJXUHQRXVYR\RQVHQHIIHW
TX¶HOOHV LQWHUYLHQQHQW j WRXV OHV QLYHDX[ GH OD FKDvQH pQHUJpWLTXH HQ VRXVWUDLWDQW DYHF
O¶HQVHPEOH GHV DFWHXUV GHV VRXVSURFHVVXV 1pDQPRLQV Oj HQFRUH OHV FRQILJXUDWLRQV VRQW
QRPEUHXVHV HW OHV VRFLpWpV SHXYHQW DYRLU GLIIpUHQWV VWDWXWV 6HORQ %RLWWLQ HW DO  RQ
UHFHQVH HQ )UDQFKH&RPWp XQH GL]DLQH GH VWUXFWXUHV IRXUQLVVHXUV GH FRPEXVWLEOHV ERLV
G¶HQYHUJXUH UpJLRQDOH RX VXSUDUpJLRQDOH TXL VRQW OHV DSSURYLVLRQQHXUV GHV FKDXIIHULHV
FROOHFWLYHV GH IRUWH SXLVVDQFH HW XQH GRX]DLQH GH SHWLWV IRXUQLVVHXUV G¶HQYHUJXUH
GpSDUWHPHQWDOH RX ORFDOH &HV IRXUQLVVHXUV SHXYHQW rWUH GHV HQWUHSUHQHXUV GH WUDYDX[
IRUHVWLHUV GHV H[SORLWDQWVVFLHXUV GHV SURGXFWHXUVJHVWLRQQDLUHV GH OD IRUrW 21) (QHUJLH
FRRSpUDWLYH&RIRUrWHWFRXHQFRUHGHV UpFXSpUDWHXUVHWQpJRFLDQWVHQERLV&HODHQJHQGUH
XQH JUDQGH GLYHUVLWp HQ WHUPHV G¶RUJDQLVDWLRQ GHV DSSURYLVLRQQHPHQWV SRXYDQW rWUH DVVXUp
SDU XQ IRXUQLVVHXU XQLTXH SDU SOXVLHXUV IRXUQLVVHXUV RX HQFRUH SDU XQ UHJURXSHPHQW
&HPDJUHI SUpVHQWDWLRQ GX SURMHW %(1(),76 /D ILJXUH  PRQWUH OHV SULQFLSDOHV
FRQILJXUDWLRQVUHQFRQWUpHVHQ)UDQFKH&RPWp








&HV WURLV VFKpPDV W\SH G¶DSSURYLVLRQQHPHQW FRUUHVSRQGHQW DX[PRGHV GHPRELOLVDWLRQ GHV
FRPEXVWLEOHV ERLV HQ )UDQFKH&RPWp GpSHQGDQW GH OD QDWXUH GHV SURMHWV OD SXLVVDQFH






GHV DFWHXUV ©WUDGLWLRQQHOVª GH OD ILOLqUH SDU UDSSRUW DX SRVLWLRQQHPHQW GH FHV VRFLpWpV
QRWDPPHQW 21) eQHUJLH VXU OHV PDUFKpV /HV DSSHOV G¶RIIUH GH OD &RPPLVVLRQ GH
5pJXODWLRQGHO¶(QHUJLHGRQWQRXVDYRQVSDUOpSUpFpGHPPHQWRQWHQHIIHWOHYpOHVGRXWHVVXU
ODFUpGLELOLWpGHO¶XWLOLVDWLRQGHVUHVVRXUFHVIRUHVWLqUHVHWLQFLWp©GHQRXYHDX[DFWHXUVjVRUWLU
GH OHXU DWWHQWLVPH HW j VH ODQFHU VXU OHPDUFKp OHV JUDQGV H[SORLWDQWV IRUHVWLHUV >«@/HXU
VWUDWpJLH HVW FODLUH HW DPELWLHXVH FDU LO V¶DJLW SRXU HOOHV GH VH SRVLWLRQQHU FRPPH GHV
HQVHPEOLHUV LQWHUYHQDQWj OD IRLVHQDPRQW H[WUDLUHRX IDLUHH[WUDLUH OHERLV IRUHVWLHUHW HQ
DYDOGHODILOLqUHFRPPHUFLDOLVHUGHVSODTXHWWHVDXSUqVGHVFOLHQWV/¶H[HPSOHGHO¶21)HVW
GHFHSRLQWGHYXHWRXWjIDLWVLJQLILFDWLIGHFHFKDQJHPHQWGHFDSª$LQVLVXLWHDXVXFFqVGHV
DSSHOV G¶RIIUHV O¶2IILFH D HQ HIIHW FUpp HQ  VD SURSUH ILOLDOH21)eQHUJLH D\DQW SRXU
PLVVLRQGH©PRELOLVHUOHVUHVVRXUFHVHQERLVGLVSRQLEOHVDOLPHQWHUOHVILOLqUHVGHSUR[LPLWp
RSWLPLVHU OD SURGXFWLRQ HW OD GLVWULEXWLRQ GHV SURGXLWV ª 21) (Q VH SRVLWLRQQDQW GH






RSpUDWHXUVH[LVWDQWV SDUH[HPSOH'DONLDVRXKDLWDQWJDUGHU OHPRQRSROHGXFRQWDFWDYHF OHV
FOLHQWV RX FHUWDLQHV SHWLWHV HQWUHSULVHV GH WUDYDX[ DJULFROHV 1pDQPRLQV LO FRQYLHQW GH
SUpFLVHU TXH OHV WHQVLRQV pPDQHQW DXVVL GHV LQGXVWULHOV TXL FUDLJQHQW TXH O¶LQJpUHQFH GHV
VRFLpWpV G¶DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV QH JpQqUH XQH FRQFXUUHQFH DFFUXH




31XQHVPHWpJDOHPHQW O¶DFFHQWVXUXQSUREOqPHLQWpUHVVDQW OLpj ODQpFHVVLWpGHVWUXFWXUHU
ORFDOHPHQW OHVDSSURYLVLRQQHPHQWV©VL OHXUPRQWpHHQSXLVVDQFHHW O
DXJPHQWDWLRQGH OHXU
UD\RQG
DFWLRQ HQWUDvQHQWPrPHGpVRUPDLVXQH FRQFXUUHQFH LQWHUUpJLRQDOH OHXUQRPEUH HVW




FRQVpTXHQFHV SRXU OHV DFWHXUV ORFDX[&HOD HVW VXUWRXW OLp DX[SURMHWV GH FRJpQpUDWLRQ ©GH
WDLOOH LPSRUWDQWH HW VDQV FRPPXQHPHVXUH DYHF OD SOXSDUW GHV FKDXIIHULHV H[LVWDQWHVª TXL






GHV SURMHWV GH IRUWH SXLVVDQFH ©DXVVL SRXU QH SDV VXUH[SORLWHU FHUWDLQHV ]RQHV IRUHVWLqUHV
OHV SOXV IDFLOHPHQW DFFHVVLEOHV LO HVW QpFHVVDLUH GH WUDYDLOOHU VXU OHPD[LPXPGH VXUIDFHV
IRUHVWLqUHVSRVVLEOHV\FRPSULVFHOOHVVLWXpHVGDQVGHV]RQHVROHVFRWVG¶H[SORLWDWLRQVRQW
pOHYpV &H JHQUH GH WHQVLRQV UpVXOWH HVVHQWLHOOHPHQW GX PRGH GH VWUXFWXUDWLRQ DFWXHOOH GHV
DSSURYLVLRQQHPHQWVEDVpDYDQW WRXWVXUXQH ORJLTXHGHSURMHWHWXQHJHVWLRQGHVUHVVRXUFHV








x '¶XQH SDUW XQH ©ORJLTXH WHUULWRLUHª JDUDQWLH SDU XQH RUJDQLVDWLRQ ORFDOH GH OD
FROOHFWLYLWp TXL V¶LQYHVWLW VXU OH GpYHORSSHPHQW IRUHVWLHU GH VRQ WHUULWRLUH 6HORQ





x '¶DXWUH SDUW XQH ©ORJLTXH ILOLqUHª JDUDQWLH SDU GHV SURIHVVLRQQHOV FDUDFWpULVpH SDU
GHV HQWUHSULVHV pTXLSpHV SRXU UpSRQGUH j OD GHPDQGH GH SODTXHWWHV ERLVpQHUJLH  HW
PDUTXpHSDUXQHWHQGDQFHDXUHJURXSHPHQWGHJURVVHVHQWUHSULVHVSRXUFRQVWLWXHUGHV
YROXPHV LPSRUWDQWV FDSDEOHV GH UpSRQGUH j OD GHPDQGH GH FKDXIIHULHV GH IRUWH
SXLVVDQFHSOXVLHXUV0:3RXU%RLWWLQHWDOO¶DSSURYLVLRQQHPHQWGHVJURVVHV
LQVWDOODWLRQV IUDQFFRPWRLVHV REpLW j WURLV ORJLTXHVGLIIpUHQWHV /¶DSSURYLVLRQQHPHQW
GHV FHQWUDOHV GH FRJpQpUDWLRQ UpVXOWDQW GH O¶DSSHO G¶RIIUHV GH OD &RPPLVVLRQ GH












OHV DSSURYLVLRQQHPHQWV WHUULWRULDX[ DYHF GHV IRXUQLVVHXUV ORFDX[ SHX SUpVHQWV VXU OHV
FKDXIIHULHVGH IRUWHSXLVVDQFHHWGHVDSSURYLVLRQQHPHQWVFRPPHUFLDX[TXLFRQFHUQHQW OD
PDMRULWpGHVFKDXIIHULHVGHSXLVVDQFHVXSpULHXUHjN:/DVLWXDWLRQHVWGRQFORLQG¶rWUH
VLPSOH (Q UpDOLWp VH SURILOHQW XQH LQILQLWp GH FRQILJXUDWLRQV SRVVLEOHV j O¶pFKHOOH G¶XQ
WHUULWRLUH  ©FKDTXH FRQWUDW G¶DSSURYLVLRQQHPHQW pWDQW XQLTXH HW GpSHQGDQW GX FRQWH[WHª
5K{QH $OSHV eQHUJLH (QYLURQQHPHQW  ILFKH  $LQVL GHV FKDXIIHULHV GH WDLOOH




$LQVLFHVGHX[ W\SHVG¶RUJDQLVDWLRQSHXYHQWrWUHFRPSOpPHQWDLUHV OHV LQIUDVWUXFWXUHVPLVHV
HQ SODFH SRXU O¶DSSURYLVLRQQHPHQW GHV JURVVHV FKDXIIHULHV H[HPSOH KDQJDU GH VWRFNDJH
SRXYDQW VHUYLU DX[ SHWLWHV LQVWDOODWLRQV HW DLQVL IRQFWLRQQHU HQ V\QHUJLH &HOD SRVH GRQF OD
TXHVWLRQGHODFRQILJXUDWLRQRSWLPDOHGHODILOLqUHGXU{OHVWUXFWXUDQWGHVJURVVHVLQVWDOODWLRQV











6HORQ 3KLOLSSH 1XQHV ©RQ FRQVWDWH TXH F¶HVW OD GHPDQGH TXL ELHQ VRXYHQW FRQWULEXH j
VWUXFWXUHU O¶RIIUHª /D ILJXUH  pWDSHV GHPRQWDJH G¶XQ SURMHW FRUURERUH OHV SURSRV TXH
QRXV WHQLRQVSUpFpGHPPHQWj VDYRLUTXH ODVWUXFWXUDWLRQGHVDSSURYLVLRQQHPHQWV LQWHUYLHQW
DSUqVOHPRQWDJHGXSURMHWDORUVTX¶HOOHGHYUDLWO¶rWUHFRQMRLQWHPHQWHWGHIDoRQDSSURIRQGLH
&H W\SH GH UDLVRQQHPHQW GpFRXOH HQ JUDQGH SDUWLH GHV GLVSRVLWLIV G¶DLGHV pWXGLpV
SUpFpGHPPHQW DJLVVDQW VXU OH YROHW GHPDQGH SOXW{W TXH VXU OD SDUWLH RIIUH /D ILJXUH 
UHSUpVHQWHGHIDoRQFRQMRLQWHOHVSULQFLSHVGHO¶RUJDQLVDWLRQDFWXHOOHGHVDSSURYLVLRQQHPHQWV








%LHQ HQWHQGX XQH WHOOH DSSURFKH QH SHXW VH FRQVLGpUHU GH PDQLqUH VHJPHQWpH SXLVTX
HOOH
LPSOLTXH GH SUHQGUH HQ FRPSWH O

















3.1. La structuration des approvisionnements… un enjeu 
éminemment spatial 

6HORQ 2OLYLHU *XLFKDUGD] ©OH GpYHORSSHPHQW GX ERLVpQHUJLH SDVVH SDU XQH PHLOOHXUH
VWUXFWXUDWLRQGHVDSSURYLVLRQQHPHQWVª&HJ(15HGHFRQVWDWHVWH[WUrPHPHQWIUpTXHQWDYHF
XQ ODUJH DFFRUG VXU OH IDLW TXH O¶DSSURYLVLRQQHPHQW GRLW rWUH PLHX[ VWUXFWXUp RSWLPLVp
&HSHQGDQW SHX GRQQHQW GHV SLVWHV GH UpIOH[LRQV PpWKRGRORJLTXHV RX QRQ SRXU DUULYHU DX
UpVXOWDW DWWHQGX j VDYRLU OD JDUDQWLH G¶XQ DSSURYLVLRQQHPHQW WDQW TXDQWLWDWLI TXH TXDOLWDWLI
QRQ FRQFXUUHQWLHO SRXU OHV DXWUHV XWLOLVDWHXUV GH ELRPDVVH OLJQHXVH HW V¶LQVFULYDQW GDQV XQH
RSWLTXH GH GXUDELOLWp /¶$'(0( pPHW G¶RUHV HW GpMj GHV SLVWHV GH UpIOH[LRQ HQ YXH GH
UpSRQGUHjODTXHVWLRQ©SRXUTXRLVWUXFWXUHUOHVDSSURYLVLRQQHPHQWV"ª
x FRQVWLWXHUXQHRIIUHDGDSWpHjWRXVOHVW\SHVGHSURMHWVx VpFXULVHUOHVPDvWUHVG¶RXYUDJHHWOHVSURMHWVHQUHJURXSDQWOHVSDUWHQDLUHVGHVILOLqUHVx UpGXLUHOHVFLUFXLWVG¶DSSURYLVLRQQHPHQWFLUFXLWVFRXUWVx YDORULVHUOHVUHVVRXUFHVORFDOHVGLIIpUHQWHVVRXUFHVQDWXUHVGHERLV

/HWRXWHQSUHQDQWHQFRPSWHTXDWUHSDUDPqWUHVIRQGDPHQWDX[














6L OHV DSSURYLVLRQQHPHQWV VRQW GHV SURFHVVXV H[WUrPHPHQW FRPSOH[HV GpSHQGDQW GH
QRPEUHX[ SDUDPqWUHV pFRQRPLTXHV HQYLURQQHPHQWDX[ SROLWLTXHV« HW GH QRPEUHX[
DFWHXUV DX[ LQWpUrWV SDUIRLV GLIIpUHQWV QRXV DYRQV FKRLVL GH OHV DSSURFKHU VRXV XQ DQJOH





DSSURYLVLRQQHPHQW GHV FKDXIIHULHV HQ PD[LPLVDQW OD YDORULVDWLRQ GHV
UHVVRXUFHV ORFDOHV /D ILJXUH  DWWHVWH GH O
LQVFULSWLRQ VSDWLDOH HW WHUULWRULDOH GH OD ILOLqUH
GHQGURpQHUJpWLTXH













x /D ORFDOLVDWLRQGHV UHVVRXUFHV OLJQHXVHV LQGXLVDQW GHV SUREOqPHVG
DFFHVVLELOLWp HW j










x /D TXHVWLRQ GH OD PLQLPLVDWLRQ GHV GLVWDQFHV HQWUH OHV OLHX[ GH SURGXFWLRQ HW GH
FRQVRPPDWLRQ OHERLVpQHUJLHGHYDQW WKpRULTXHPHQWrWUHDFKHPLQpSDU OHVYRLHV OHV
SOXV FRXUWHV HQ YXH GH UpSRQGUH DX[ H[LJHQFHV GH GpYHORSSHPHQW ORFDO $LQVL
FRQFHUQDQW OH SUL[ GHV SODTXHWWHV IRUHVWLqUHV HW OHXU LQGH[DWLRQ GH QRPEUHXVHV
IRUPXOHVGHUpYLVLRQFLUFXOHQWDFFRUGDQWXQHSODFHLPSRUWDQWHDX[FRWVGHWUDQVSRUWV
URXWLHUVV¶pOHYDQWGHIDLWGHjGXSUL[GXFRPEXVWLEOH©HQWUpHFKDXIIHULHVª







XQH SDUW XQH DQDO\VH GHV GRQQpHV GH WUDoDELOLWp FHV GHUQLqUHV pWDQW HQYLVDJpHV
FRPPH GHV LQWHUDFWLRQV VSDWLDOHV HQWUH OLHX[ GH SURGXFWLRQ HW GH FRQVRPPDWLRQ HW
WUDLWpHV DYHF GHVPpWKRGHV LGRLQHV PRGqOHV G







FKDXIIHULHV YLVDQW j VDWLVIDLUH OD GHPDQGH HQ H[SORLWDQW GH PDQLqUH GXUDEOH OHV
UHVVRXUFHV OLJQHXVH j SUR[LPLWp GHV FKDXIIHULHV &HFL SHUPHWWUD GH IDLUH OH SDUDOOqOH





Enjeux et problématiques liés à la valorisation énergétique de la biomasse ligneuse 
_________________________________________________________________________________  

3.2. Des processus complexes et fortement spatialisés 

/¶DSSURYLVLRQQHPHQW UHJURXSHQRXV O¶DYRQVYX©O¶HQVHPEOHGHVSURFHVVXVHWGHVDFWLYLWpV




GH SURGXFWLRQ MXVTX¶DX[ OLHX[ GH FRQVRPPDWLRQ G¶DXWUH SDUW (Q HIIHW OHV OLHX[ G
RULJLQH
OLHX[GHSURGXFWLRQGHODSODTXHWWHIRUHVWLqUHVRQWQRPEUHX[HWFRUUHVSRQGHQWDX[FKDQWLHUV
IRUHVWLHUV HW OHV OLHX[ GH GHVWLQDWLRQ ILQDOH DX UpVHDX  GH FKDXIIHULHV SUpVHQWHV VXU O
HVSDFH
JpRJUDSKLTXH FRQVLGpUp /HV SURFHVVXV G¶DSSURYLVLRQQHPHQW SHXYHQW pJDOHPHQW rWUH
FRPSOH[LILpVDYHF O
H[LVWHQFHGHSODWHIRUPHVGHVWRFNDJH LQGXLVDQWXQHUXSWXUHGHFKDUJHHW
GH WUDMHFWRLUH HQWUH O
RULJLQH HW OD GHVWLQDWLRQ 6HORQ OHV FDUDFWpULVWLTXHV GHV FKDXIIHULHV RQ
SHXW DLQVL FRQVLGpUHU OHV DSSURYLVLRQQHPHQWV FRPPH GHV IOX[ GLUHFWV HQWUH OHV HVSDFHV
SURGXFWHXUVHWFRQVRPPDWHXUVRXDORUVSUHQGUHHQFRPSWHOH WULSW\TXHHVSDFHVSURGXFWHXUV







/D VLWXDWLRQ GHV SURFHVVXV G¶DSSURYLVLRQQHPHQW j O¶LQWHUIDFH GH OLHX[ GH SURGXFWLRQ HW GH
FRQVRPPDWLRQ VRXVHQWHQG XQH LGpH GH PRXYHPHQW GH WUDQVIHUW HW SOXV ODUJHPHQW GH
PRELOLWp'DQVVRQDFFHSWDWLRQODSOXVJpQpUDOHODPRELOLWpGpVLJQHXQFKDQJHPHQWGHOLHXHW
WUDGXLW OH GpURXOHPHQW GHV LQWHUDFWLRQV GDQV O
HVSDFH HW O








DGGLWLRQ  GH GpSODFHPHQWV LQGLYLGXHOV RX GH TXDQWLWpV PDWpULHOOHV RX LPPDWpULHOOHV
pFKDQJpHV HQWUH GHX[ ]RQHV JpRJUDSKLTXHV SRXU XQH GXUpH GRQQpH /H JORVVDLUH GH
*pRFRQIOXHQFHVFRPSOqWHFHWWHGpILQLWLRQHQ\DMRXWDQWXQHSUpFLVLRQTXDQWDX[PRGDOLWpVGH
FHV pFKDQJHV  OHV IOX[ VRQW DLQVL FDUDFWpULVpV SDU O




UpVHDX /HV IOX[ FRQVLGpUpV LFL FRUUHVSRQGHQW DLQVL DX[ TXDQWLWpV GH SODTXHWWHV IRUHVWLqUHV
DFKHPLQpHVGHSXLVGHVOLHX[GHSURGXFWLRQMXVTX
jGHVOLHX[GHGHVWLQDWLRQFKDXIIHULHVVXUOH













/D GLIIpUHQFLDWLRQ VSDWLDOH HQJHQGUH QpFHVVDLUHPHQW GHV IOX[ HQWUH GHV HVSDFHV





PpWKRGRORJLTXH RQ VH VLWXH GRQF GDQV XQ V\VWqPH VSDWLDOLVp R O
HQVHPEOH GHV IOX[ GH
SODTXHWWHV IRUHVWLqUHV HVW UpJL SDU XQ GLIIpUHQWLHO HQWUH ]RQHV SURGXFWULFHV pPHWWULFHV HW
UpFHSWULFHV&HVGHX[W\SHVGH]RQHVRXREMHWVJpRJUDSKLTXHVVRQWUHVSHFWLYHPHQWFDUDFWpULVpV
SDU GHV LQGLFHV G
pPLVVLYLWp HW G
DWWUDFWLYLWp 6L O





GH OD ]RQH UpFHSWULFH VRLW SOXV VRXYHQW GX SURGXLW GH FHV GHX[ HIIHFWLIV %LHQ TXH QRXV






RUJDQLVDWLRQ VSDWLDOH DFWXHOOH GHV SURFHVVXV G
DSSURYLVLRQQHPHQW %LHQ TXH FHV SURFHVVXV
V



























pWp ERXOHYHUVpV HW OH SULQFLSH GH VWUXFWXUDWLRQ GH OD ILOLqUH HW GHV DSSURYLVLRQQHPHQWV
XQLTXHPHQW SDU XQH JHVWLRQ GH OD GHPDQGH TXL SUpYDXW HQFRUH FRPPHQFH j PRQWUHU VHV
OLPLWHV 'H SOXV HQ SOXV OHV DFWHXUV LQVWLWXWLRQQHOV HW SURIHVVLRQQHOV V¶LQWHUURJHQW VXU OD










&HV PpWKRGHV VRQW GpYHORSSpHV GDQV OD SDUWLH  '¶XQ SRLQW GH YXH FRQFHSWXHO OHV
DSSURYLVLRQQHPHQWVFRUUHVSRQGHQWjGHVIOX[GHFRPEXVWLEOHVGHQGURpQHUJpWLTXHVGHSXLVOHV
HVSDFHV SURGXFWHXUV  LQVWDOODWLRQV GH SURGXFWLRQ MXVTX¶DX[ LQVWDOODWLRQV GH FRQVRPPDWLRQ
'DQV FHWWH RSWLTXH QRXV SURSRVRQV GH GpYHORSSHU XQHPpWKRGRORJLH YLVDQW j LGHQWLILHU OHV





DSSDUDvW LPSRUWDQW G¶HVVD\HU GH FRPSUHQGUH FHV GLIIpUHQWHV ORJLTXHV HW GH WHQWHU GH OHV
PRGpOLVHUHQSRVDQWGHVK\SRWKqVHVa priori&HODHVWG¶DXWDQWSOXVGpOLFDWTXHODTXHVWLRQGHV
DSSURYLVLRQQHPHQWV HVW GLIILFLOH j WUDLWHU QRQ VHXOHPHQW HQ UDLVRQ GHV QRPEUHX[ HQMHX[
TX¶HOOH VRXOqYH PDLV pJDOHPHQW HQ UDLVRQ GH OD FRPSOH[LWp TXL FDUDFWpULVH FHV SURFHVVXV
JUDQGQRPEUHG¶DFWHXUVSUREOqPHVG¶DGpTXDWLRQHQWUHGHVFRPEXVWLEOHVKpWpURJqQHVHWGHV










SXLVVDQFH HWF &HOD HVW SDUWLFXOLqUHPHQW YUDL SRXU OH VHFWHXU FROOHFWLIWHUWLDLUH GRQW OHV




EHVRLQVGHVGLIIpUHQWVDFWHXUVGH OD ILOLqUH SDUWDJHGHV UHVVRXUFHVGHVFRQGLWLRQV LPSRVpHV
SDU OHV ORLV GHVPDUFKpV GHV SURGXLWV OLJQHX[ HW GHV FRQWUDLQWHV LQKpUHQWHV j OD QDWXUH GHV
UHVVRXUFHVHQWHUPHVGHUHQRXYHODELOLWp1pDQPRLQVODFRPSOH[LWpGHVSKpQRPqQHVREVHUYpV
HVW WHOOH TXH FHOD DXUDLW LPSOLTXp ODPRELOLVDWLRQ GH FRPSpWHQFHV TXL QH VRQW SDV GH QRWUH
UHVVRUWQRWDPPHQWHQPDWLqUHG¶LQJpQLHULHIRUHVWLqUHRXGHVFLHQFHVpFRQRPLTXHV'HSOXVOD
QDWXUHGHVGRQQpHVTXHQRXVDYRQVjGLVSRVLWLRQUHQGLPSRVVLEOHODUpDOLVDWLRQG¶XQWHOSURMHW
,O QRXV D GRQF IDOOX RSpUHU XQ FHUWDLQ QRPEUH GH FKRL[ TXDQW DX[ RULHQWDWLRQV GH QRV
UHFKHUFKHV FH TXL LPSOLTXDLW G¶pOXGHU FHUWDLQV GH FHV DVSHFWV 1RXV DYRQV FKRLVL GH QRXV
LQWpUHVVHU j OD PRGpOLVDWLRQ VSDWLDOH QRWDPPHQW GHV SURFHVVXV G¶DSSURYLVLRQQHPHQW GHV
FKDXIIHULHVGHV VHFWHXUVFROOHFWLIWHUWLDLUHHW LQGXVWULHOVKRUV LQGXVWULHVGXERLV HQ UDLVRQGX
JUDQGQRPEUHGHTXHVWLRQQHPHQWVHQOLHQVGLUHFWVDYHFODGLVFLSOLQHJpRJUDSKLTXH
x 4XHOOHHVWODIUDFWLRQpQHUJLVDEOHGHVHVSDFHVERLVpV"





$XWDQW GH TXHVWLRQV DX[TXHOOHV QRXV WHQWHURQV GH UpSRQGUHGDQV OHV SDUWLHV FRQVDFUpHV j OD
IRUPDOLVDWLRQ WKpRULTXH HW PpWKRGRORJLTXH GHV TXHVWLRQQHPHQWV VXU OHV SURFHVVXV
G¶DSSURYLVLRQQHPHQWV HW j OD SUpVHQWDWLRQ GHV UpVXOWDWV j O¶pFKHOOH GH GHX[ WHUULWRLUHV DX[
VWUXFWXUHVGHQGURpQHUJpWLTXHVGLIIpUHQWHV




































/HV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV VRQW GHV SURFHVVXV FRPSOH[HV TXL VH
WUDGXLVHQW SDU XQH LQILQLWp GH IOX[ SRVVLEOHV HQWUH OHV OLHX[ GH SURGXFWLRQ HW OHV OLHX[ GH
FRQVRPPDWLRQ2UODFRPSOH[LWpLQWULQVqTXHGHFHVSURFHVVXVMXVWLILHTXHO
RQUHFRXUHjGHV
VLPSOLILFDWLRQV SRXU GpJDJHU O
HVVHQWLHO GH O





























1) Analyse des déterminants spatiaux des processus d’approvisionnement


%LHQ TXH OHV SURFHVVXV G¶DSSURYLVLRQQHPHQW DLHQW XQH IRUWH FRPSRVDQWH VSDWLDOH LOV
V
H[SOLTXHQWDXVVLSDUO¶H[LVWHQFHGHSURFHVVXVDVSDWLDX[RXGRQWODFRPSRVDQWHVSDWLDOHHVW
IORXH RX DPELJH j SUpFLVHU  MHX[ G
DFWHXUV IDFWHXU FRPSRUWHPHQWDO FRQVLGpUDWLRQV
pFRQRPLTXHV RSSRUWXQLWpV OLpHV j OD WHQXHGH FKDQWLHUV IRUHVWLHUV HWF %RLWWLQ HW DO 
&RPSWH WHQX GHV UpWLFHQFHV GHV DFWHXUV GH OD FKDLQH G
DSSURYLVLRQQHPHQW j IRXUQLU GHV
LQIRUPDWLRQV VXU OHXUV SUDWLTXHV QRWUH VHXOH DOWHUQDWLYH pWDLW G
H[SORLWHU GHV GRQQpHV GH
Éléments de méthode pour la modélisation des approvisionnements et la quantification des potentiels énergisables 
_________________________________________________________________________________  

WUDoDELOLWp FH TXL QRXV SHUPHWWDLW G
pWXGLHU OD SURYHQDQFH GHV FRPEXVWLEOHV HW GH QRXV
LQWHUURJHUVXUOHU{OHGHODFRQILJXUDWLRQGHVHVSDFHVIRUHVWLHUVHWGHODGLVWDQFHDXWUHPHQWGLW

























GHVFULSWHXUV GH FHV LQWHUDFWLRQV VSDWLDOHV ,O V¶DJLW GH GRQQpHV DJUpJpHV FRPSDWLEOHV DYHF
O¶XWLOLVDWLRQ G¶XQ PRGqOH G¶LQWHUDFWLRQV VSDWLDOHV GH W\SH JUDYLWDLUH FRXUDPPHQW XWLOLVp HQ
JpRJUDSKLHDYHFWRXWHVOHVUpVHUYHVTX¶LOVFRPSRUWHQWQRWDPPHQWDXQLYHDXGHOHXUSDXYUHWp





GHV FKDXIIHULHV HW GH UpIOpFKLU j O¶LQIOXHQFH GH OD UHVVRXUFH IRUHVWLqUH VXU OHV
























(0(5*( HW )25(6(( /H SUHPLHU SURMHW FRRUGRQQp SDU O¶21) IDLW SDUWLH GH O¶$15
%LRpQHUJLHV  HW YLVH j O¶pODERUDWLRQ GH PRGqOHV SRXU XQH HVWLPDWLRQ UREXVWH HW
JpQpULTXH GX ERLVpQHUJLH DX QLYHDX DUEUH HW SRXU GLIIpUHQWV FRPSDUWLPHQWV /H VHFRQG
SURMHW SRUWp SDU OH )&%$ YLVH jPRELOLVHU OHV GRQQpHV LVVXHV GH OD WpOpGpWHFWLRQ HW GH OD
SKRWRJUDPPpWULH SRXU FDUDFWpULVHU ILQHPHQW OD UHVVRXUFH IRUHVWLqUH j O¶pFKHOOH G¶XQ EDVVLQ








SUpVHQWHUD VRXV IRUPH G¶XQH JULOOH GH FHOOXOHV UDVWHU FDUDFWpULVDQW O¶HQVHPEOH GX FRXYHUW
ERLVp\FRPSULV OHVDUEUHVLVROpV OHVERVTXHWVHWDXWUHVIRUPDWLRQV OLQpDLUHV/HVWDEOHVGH
SURGXFWLRQVHURQWHQVXLWHXWLOLVpHVDILQG¶pWDEOLUGHVPRGqOHVGHSURGXFWLRQSUpOqYHPHQWVSRXU
GLIIpUHQWV W\SHV GH SHXSOHPHQW GDQV XQ HVSDFH GRQQp &HOD SHUPHWWUD G¶LQWpJUHU XQH
GLPHQVLRQWHPSRUHOOHviaOHSULVPHGHODGXUDELOLWpGHVSUpOqYHPHQWVILJXUH










6XU OD EDVH GHV DFTXLV SUpFpGHPPHQW GpYHORSSpV FDUWRJUDSKLH GH OD ELRPDVVH DpULHQQH HW
PRGqOH GH SURGXFWLRQSUpOqYHPHQW QRXV PRGpOLVRQV GH PDQLqUH LWpUDWLYH GHV DLUHV




F H[SORLWHU GXUDEOHPHQW OHV UHVVRXUFHV OLJQHXVHV FRQVLGpUDQW OHV U\WKPHV













/H FKDSLWUH  WUDLWH GH PpWKRGHV DSSOLFDEOHV j O¶DQDO\VH GHV FDUDFWpULVWLTXHV VSDWLDOHV GHV
SURFHVVXV G¶DSSURYLVLRQQHPHQW PDVVHV HW GLVWDQFHV j SDUWLU GH GRQQpHV GH WUDoDELOLWp GH





OHV PpWKRGHV LVVXHV GH OD IRUHVWHULH OHXUV SDUDPqWUHV HW OHXUV YDULDEOHV HW OHV DSSRUWV GH
O¶LQIRUPDWLRQ JpRJUDSKLTXH SRXU OD PRGpOLVDWLRQ GH OD ELRPDVVH 6XLYHQW XQH UHYXH GHV









/HV FKDSLWUHV  HW  SRVHQW GHV FDGUHV SUREOpPDWLTXHV HW WUDLWHQW GHV SULQFLSHV
PpWKRGRORJLTXHVDGDSWpVjOHXUUpVROXWLRQ/¶H[SRVpSOXVGpWDLOOpGHVPpWKRGHVHIIHFWLYHPHQW
HPSOR\pHVGDQVFHWWHUHFKHUFKHHVWSODFpGDQVOHVGLIIpUHQWVFKDSLWUHVGHOD WURLVLqPHSDUWLH
DILQ GH QH SDV DORXUGLU OH YDHWYLHQW HQWUH O¶H[SRVpPpWKRGRORJLTXH HW OD SUpVHQWDWLRQ GHV
UpVXOWDWV























GH IDoRQ SURSRUWLRQQHOOH j OHXU SXLVVDQFH HW OD EDVVLQ G
DSSURYLVLRQQHPHQW GH FKDTXH
FKDXIIHULH VH GpILQLW HQ IRQFWLRQ GH FHV IOX[ /HV DSSURYLVLRQQHPHQWV VRQW O¶H[SUHVVLRQ
G¶LQWHUDFWLRQVVSDWLDOHVHQWUHGHV]RQHVGHSURGXFWLRQGHSODTXHWWHVIRUHVWLqUHHWGHVOLHX[GH
FRQVRPPDWLRQ OHV FKDXIIHULHV &HV LQWHUDFWLRQV VRQW DSSUpKHQGpHV via GHV GRQQpHV GH
WUDoDELOLWp IRXUQLHV SDU GHX[ VRFLpWpV G¶DSSURYLVLRQQHPHQW FKDTXH OLJQH GX WDEOHDX pWDQW
FDUDFWpULVpH SDU XQH RULJLQH XQH GHVWLQDWLRQ HW XQH TXDQWLWp GH SODTXHWWHV IRUHVWLqUHV
DFKHPLQpH&HJHQUHGHSUREOpPDWLTXHLPSOLTXDQWjODIRLVOHVSKpQRPqQHVGHFRQFXUUHQFHHW
G¶LQWHUDFWLRQ VSDWLDOH HVW XQH HQWUpH GX TXHVWLRQQHPHQW JpRJUDSKLTXH 8OOPDQ 
&HSHQGDQW LO V¶DJLWG¶XQHGpPDUFKHRULJLQDOHHWQRYDWULFHHQFHTXLFRQFHUQH OD WKpPDWLTXH
GHQGURpQHUJpWLTXHGDQVODPHVXUHROHVUpIOH[LRQVVXUOHVDSSURYLVLRQQHPHQWVQ¶RQWMDPDLVj
QRWUH FRQQDLVVDQFH pWp DERUGpHV VRXV FHW DQJOH GX PRLQV GH IDoRQ DSSURIRQGLH
VFLHQWLILTXHPHQWDUJXPHQWpHHWpSURXYpHjO¶DLGHGHGRQQpHVVXU OD WUDoDELOLWpJpRJUDSKLTXH












VRLW DX QLYHDX GHV UHVVRXUFHV RX DX QLYHDX GHV LQVWDOODWLRQV H[LVWDQWHV 2U XQH YXH
G¶HQVHPEOHGHODVWUXFWXUHVSDWLDOHGHVFKDXIIHULHVSHUPHWWUDLWDX[PDvWUHVG¶RXYUDJHVRXDX[
VRFLpWpVG¶DSSURYLVLRQQHPHQWG¶DSSUpKHQGHUOHVSKpQRPqQHVGHFRQFXUUHQFHVSDWLDOHHWGRQF
G¶RSWLPLVHU OHV DSSURYLVLRQQHPHQWV HQPHWWDQW HQSODFHGHV V\VWqPHVGHPXWXDOLVDWLRQGHV
WUDQVSRUWVRXGHVpTXLSHPHQWV

$ILQ GH PRGpOLVHU OHV EDVVLQV G¶DSSURYLVLRQQHPHQW HW a fortiori OHV IOX[ GH SODTXHWWHV
IRUHVWLqUHV QRXV QRXV EDVRQV GDQV XQ SUHPLHU WHPSV VXU O¶DQDO\VH GH OD VWUXFWXUH GH
FRQVRPPDWLRQ&HODQRXVSHUPHWGHPHWWUHHQH[HUJXHGHVSKpQRPqQHVGHKLpUDUFKLHHWGH
FRQFXUUHQFH HQWUH OHV OLHX[ GH FRQVRPPDWLRQ SDUWDQW GH O¶K\SRWKqVH SULQFLSDOH TXH OD
SXLVVDQFHDXQU{OHGpWHUPLQDQWGDQVODGpILQLWLRQGXEDVVLQG¶DSSURYLVLRQQHPHQW
,QWHUDFWLRQVVSDWLDOHVHWDSSURYLVLRQQHPHQWV




G¶XQH PRGpOLVDWLRQ GHV UHODWLRQV UpHOOHV RX SRWHQWLHOOHV HQWUH XQLWpV JpRJUDSKLTXHV HW VH
QRXUULW GHV REVHUYDWLRQV HIIHFWXpHV GDQV G¶DXWUHV GLVFLSOLQHV VRFLRORJLH pWXGH GHV
PLJUDWLRQV SV\FKRORJLH DQDO\VH FRPSRUWHPHQWDOH pFRQRPLH SK\VLTXH PRGpOLVDWLRQ
JUDYLWDLUH HW HQWURSLH 3LQL HW 0LOKDXG  /H FKDPS G¶LQYHVWLJDWLRQ GH O¶LQWHUDFWLRQ
VSDWLDOH HVW GRQF GLYHUVLILp HW V¶LQWpUHVVH DX[ IOX[ GH ELHQV GH SHUVRQQHV GH FDSLWDX[ GH




HVSDFH HQ FRQVWUXFWLRQ O¶LQWHQVLWp GHV LQWHUDFWLRQV HQWUH OHV HQWLWpV OH FRQVWLWXDQW HVW XQ
pOpPHQW FHQWUDO GH OD GpWHUPLQDWLRQ HW GH O¶pYROXWLRQ GH VD VWUXFWXUHª 9LURO  6HORQ
6DQGHUVLO\DGLIIpUHQWHVIDoRQVG¶DSSUpKHQGHUOHSKpQRPqQHG¶LQWHUDFWLRQVSDWLDOH
x (OOHSHXWrWUHO¶REMHWPrPHGHODUHFKHUFKHDXTXHOFDVRQFKHUFKHjH[SOLTXHUSRXUTXRLHW
GDQVTXHOOHPHVXUH O¶LPSRUWDQFHGHV IOX[YDULH HQWUHSOXVLHXUVFRXSOHVGH OLHX['DQV OH
FDGUHGHFHVWUDYDX[QRXVQRXVSODoRQVGDQVFHSUHPLHUFDVGHILJXUH
x (OOHSHXW UHSUpVHQWHUXQHFRQWUDLQWHHW OHGpSODFHPHQWG¶XQ OLHXjXQDXWUHHVWFRQVLGpUp
FRPPHXQ IUHLQ GDQV OD UpDOLVDWLRQG¶XQH DFWLRQ RX DORUV FRQVWLWXHU OH IDFWHXU H[SOLFDWLI
G¶XQHG\QDPLTXHGHO¶pPHUJHQFHG¶XQSKpQRPqQHjXQHQGURLWVRXVO¶LPSXOVLRQGRQQpH
SDU GHV pFKDQJHV DYHF G¶DXWUHV OLHX[ &HSHQGDQW SRXU O¶KHXUH OH SKpQRPqQH GH
GpYHORSSHPHQWGHODILOLqUHERLVpQHUJLHHVWHQFRUHWURSUpFHQWHWODILOLqUHLQVXIILVDPPHQW














RX OH WUqVIDLEOHFRWGHV WUDQVSRUWV/¶LQWHUDFWLRQDGRQFXQHIRUWHFRPSRVDQWHVSDWLDOHGH
SDU OD ORFDOLVDWLRQ GHV XQLWpV HQ UHODWLRQ HW GHV GLVWDQFHV OHV VpSDUDQW UpYpODQW DLQVL GHV
SKpQRPqQHV GH KLpUDUFKLHV FRPSOpPHQWDULWpV HW GLVSDULWpV GH O¶HVSDFH 3LQL HW 0LOKDXG
 (W OHV IOX[ HQ WDQW TX¶LQGLFDWHXUV GH FHV UHODWLRQV PHWWHQW DLQVL HQ H[HUJXH





/D GLIIpUHQFLDWLRQ VSDWLDOH HQJHQGUH LQpYLWDEOHPHQW GHV IOX[ HQWUH GHV HVSDFHV
FRPSOpPHQWDLUHV OHV LQWHUDFWLRQV VSDWLDOHV UHIOqWHQW DLQVL GHV UHODWLRQV GH
FRPSOpPHQWDULWpFRQFXUUHQFHHQWUHOHVOLHX[HWMRXHQWXQU{OHPRWHXUGDQVOHVWUDQVIRUPDWLRQV
GH O
HVSDFH HW GDQV OD G\QDPLTXH GHV V\VWqPHV VSDWLDX[ 6DQGHUV  (GZDUG8OOPDQ
PHW HQ pYLGHQFH OHV FRQGLWLRQV GH UpDOLVDWLRQ G¶XQH LQWHUDFWLRQ HW FHV GHUQLqUHV VRQW







/HV FRQGLWLRQV G¶XQ WUDQVIHUW GDQV O¶HVSDFH VRQW DLQVL OH IUXLW GH OD FRQMRQFWLRQ GH WURLV






SKpQRPqQHV LQWHUYLHQQHQWGH IDoRQSOXVRXPRLQV LPSRUWDQWHVHORQ ODQDWXUHGHV WUDQVIHUWV
(Q FH TXL QRXV FRQFHUQH OHV RSSRUWXQLWpV G¶LQWHUYHQWLRQ VRQW SRXU O¶KHXUH SOXV GLIILFLOHV j
pYDOXHU HW IRQW UpIpUHQFH j QRWUH VHQV DX[ FDUDFWpULVWLTXHV GHV HVSDFHV ERLVpV HW j OHXUV
LQIOXHQFHVSRWHQWLHOOHVVXUOHVLQWHUDFWLRQV1RXVSRXYRQVDLQVLVXSSRVHUTXHVLODIRUrW©&ª




GH VHV FDUDFWpULVWLTXHV IRQFLqUHV HWF /D WUDQVIpUDELOLWp IDLW UpIpUHQFH DX[ FRWV GH
IUDQFKLVVHPHQWGHVGLVWDQFHVTXLSHXWrWUHPRGLILpHSDU OH IDLWTXHFHUWDLQHVFDWpJRULHVGH
ELHQV SHUVRQQHV LQIRUPDWLRQV VRQW SOXV IDFLOHPHQW RX PLHX[ WUDQVSRUWDEOHV TXH G
DXWUHV















GHV LQWHUDFWLRQV VSDWLDOHV ©j VHQV XQLTXHª GHSXLV GHV OLHX[ GH SURGXFWLRQ IRUrWV HVSDFHV
ERLVpVpPHWWULFHVGHPDWLqUHOLJQHXVHYHUVGHVOLHX[GHFRQVRPPDWLRQ&HVLQWHUDFWLRQVVRQW
GLWHV GLVV\PpWULTXHV 6DQGHUV  DYHF(PLLTXL FDUDFWpULVH OHV SRWHQWLDOLWpV GHV HVSDFHV






1.2. La modélisation des interactions spatiales 

/HVPRXYHPHQWVD\DQWOLHXDXVHLQGHO¶HVSDFHJpRJUDSKLTXHHQWUHGHVXQLWpVRXGHVREMHWV
SHXYHQW rWUH UHSUpVHQWpV VRXV IRUPH G¶LQWHUDFWLRQV VSDWLDOHV j FRQGLWLRQ GH WHQLU FRPSWH GH
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OHXUV DWWULEXWV GH ORFDOLVDWLRQ +D\QHV HW )RWKHULQJKDP   XQPRXYHPHQW VH GpURXOH
HQWUH XQ OLHX G¶RULJLQH L HW XQ OLHX GH GHVWLQDWLRQ M 6L FHV GHUQLHUV IRQW UpIpUHQFH j GHV
]RQHVVSDWLDOHPHQWpWHQGXHVSRXYDQWrWUHDVVLPLODEOHVjGHVSRO\JRQHVDORUVOHFHQWURwGHGH
OD ]RQH HQTXHVWLRQ FRQVWLWXH HQSUDWLTXH HW GH IDoRQ UpGXFWULYH OD UpIpUHQFHSRQFWXHOOHGHV
DWWULEXWVGXPRXYHPHQW'DQVXQHRSWLTXHGHPRGpOLVDWLRQVSpFLDOHPHQWjXQHpFKHOOHPpVR



















/HV GLIIpUHQWHV GpFOLQDLVRQV GHV PRGqOHV JUDYLWDLUHV TXL IRQW DSSDUDvWUH OH YROXPH GHV
LQWHUDFWLRQVHQWUHGHX[OLHX[FRPPHGpSHQGDQWGHODPDVVHGHVOLHX[pPHWWHXUVHWUpFHSWHXUV
HW GH OD GLVWDQFH TXL OHV VpSDUH SHXYHQW DLQVL rWUH FRQVLGpUpV FRPPH OHV SUpFXUVHXUV GH
IRUPDOLVDWLRQV WKpRULTXHV SOXV JpQpUDOHV GHV IOX[ UDVVHPEOpV DFWXHOOHPHQW VRXV OH WHUPH GH
PRGqOHV G¶LQWHUDFWLRQ VSDWLDOH*UDVODQG  'DQV OH FDGUH GH FHV WUDYDX[ LO V¶DJLW
G¶pYDOXHU OH U{OH GH OD GLVWDQFH HW GHV PDVVHV IRUHVWLqUHV SDU UDSSRUW DX[ IOX[ IRUrWV
FKDXIIHULHVDXYXGHVGRQQpHVQRQH[KDXVWLYHVGRQWQRXVGLVSRVRQVHWGRQFG¶pSURXYHUOD











6L O¶LQWHQVLWpGHV LQWHUDFWLRQVV¶H[SOLTXHHQSDUWLHSDU O¶DWWUDFWLYLWpHW O¶pPLVVLYLWpGHVREMHWV
VSDWLDX[ODSRVLWLRQUHODWLYHGHFHVGHUQLHUVQpFHVVLWHO¶H[LVWHQFHGHSRVVLELOLWpVGHWUDQVSRUW
HWODGLVWDQFHDSSDUDvWELHQVRXYHQWFRPPHXQIUHLQPDLQWHVIRLVFRQVWDWp2UODGLVWDQFHHVW





DX IXU HW j PHVXUH TX¶LO FRQVLGqUH XQH ]RQH GH SOXV HQ SOXV YDVWH DXWRXU GH OXL (OOH HVW
PHVXUpH SDU UDSSRUW j XQ UHSqUH RX FDUDFWpULVH GHV FRXSOHV GH OLHX[ HQ O¶RFFXUUHQFH
O¶HVSDFHPHQW HQWUH OHV ]RQHV GH SURGXFWLRQ HW OHV OLHX[ GH FRQVRPPDWLRQ &¶HVW DXVVL XQ
SDUDPqWUH GpWHUPLQDQW GDQV OD IRUPDOLVDWLRQ GHV GLIIpUHQWV PRGqOHV VH UpIpUDQW DX[
LQWHUDFWLRQV VSDWLDOHV TX¶LOV DLHQW XQH YLVpH H[SOLFDWLYH RX SUpGLFWLYH (W OD SOXSDUW GHV
WKpRULHV GH O¶DQDO\VH VSDWLDOH TXL WHQWHQW G¶H[SOLTXHU OD ORFDOLVDWLRQ HW OD GLVWULEXWLRQ GHV
DFWLYLWpVKXPDLQHVVHUpIqUHQWDLQVLDXU{OHPDMHXUTXHMRXHODGLVWDQFH'3XPDLQ+\SHUJpR
0DOJUp O¶KpWpURJpQpLWp GHV FRQWH[WHV VSDWLDX[ GLVWULEXWLRQ HW ORFDOLVDWLRQ GHV REMHWV
JpRJUDSKLTXHVSUpVHQFHHWFDUDFWpULVWLTXHVGHVLQIUDVWUXFWXUHVGHFRPPXQLFDWLRQOHIUHLQGH
OD GLVWDQFH TXL D SRXU FRUROODLUH XQH DWWpQXDWLRQ GH O¶LQWHQVLWp HW GH OD IUpTXHQFH GHV




HVWjGLUH OD FDSDFLWp G
XQ HQGURLW j rWUH DWWHLQW SDU G
DXWUHV HQGURLWV VHORQ5RGULJXH
 HW OHV GLIILFXOWpV GH VRQ IUDQFKLVVHPHQW YRQW GqV ORUV GpWHUPLQHU GHV JUDGLHQWV
VSDWLDX[TXLPDWpULDOLVHQWO¶pORLJQHPHQWjXQOLHX3XPDLQHWDO

$XWUH SDUDPqWUH H[WUrPHPHQW LPSRUWDQW SRXU O¶H[SOLFDWLRQ HW OD PRGpOLVDWLRQ GHV IOX[ OD
PDVVH GHV REMHWV JpRJUDSKLTXHV FRUUHVSRQG j OHXU SURSHQVLRQ j FDSWHU GHV IOX[ HW GRQF j
JpQpUHU GHV LQWHUDFWLRQV 1pDQPRLQV FRPPH LO V¶DJLW LFL GH UHODWLRQV j VHQV XQLTXH QRXV
UDLVRQQRQV j SDUWLU GH OD PDVVH GHV FKDXIIHULHV TXH QRXV GpILQLVVRQV SDU UDSSRUW jOHXU
SXLVVDQFH&HODQRXVHVWXWLOHORUVGHODPRGpOLVDWLRQFDUVLOHVPDVVHVHWOHVGLVWDQFHVQHVRQW
SDVOHVpOpPHQWVFUpDWHXUVGHO¶LQWHUDFWLRQLOVVRQWHQUHYDQFKHXQH[FHOOHQWGHVFULSWHXUGHFHV
LQWHUDFWLRQV 3LQL HW0LOKDXG  1RXV QRXV LQWHUURJHRQV GqV ORUV VXU OD SHUWLQHQFH GH
O¶XWLOLVDWLRQGH O¶DQDORJLHJUDYLWDLUHSRXU ODGpWHUPLQDWLRQGHVEDVVLQVG¶DSSURYLVLRQQHPHQWV
GHV FKDXIIHULHV HW ODPRGpOLVDWLRQ GHV IOX[ GH SODTXHWWHV IRUHVWLqUHV &HVPRGqOHV VRQW SDU
DLOOHXUV ODUJHPHQW XWLOLVpV HQ JpRJUDSKLH HW HQ pFRQRPLH VSDWLDOH SRXU O¶H[SOLFDWLRQ HW OD
SUpYLVLRQGHVIOX[DLQVLTXHSRXUODGpILQLWLRQG¶DLUHVGHFKDODQGLVH$XFXQPRGqOHQ¶D\DQW










HQWUH OHVREMHWVJpRJUDSKLTXHVDLQVLTX¶j OHXUSUpYLVLRQHWDX[PRGDOLWpVGH OHXU UpDOLVDWLRQ
3LQLHW0LOKDXG3RXUFHIDLUHO¶XWLOLVDWLRQG¶XQHPDWULFHGHIOX[SHUPHWGHPHWWUHHQ
pYLGHQFH OHV FDUDFWpULVWLTXHV GH O¶LQWHUDFWLRQ VSDWLDOH LQGLVSHQVDEOHV GDQV XQH GpPDUFKH GH
PRGpOLVDWLRQ/HVPDWULFHV GH IOX[ pJDOHPHQW DSSHOpHVPDWULFHV G¶LQWHUDFWLRQV VSDWLDOHV RX
PDWULFHV RULJLQHGHVWLQDWLRQ VRQW XQH UHSUpVHQWDWLRQPDWULFLHOOH GHV IOX[ pFKDQJpV HQWUH OHV






2.1. Description d’une matrice de flux et résultats dérivés de son 
analyse



























XQ FHUWDLQ QRPEUH G¶RSpUDWLRQV HW GH FDOFXOV VXU OHV IOX[ HIIHFWLIV ,FL OHV UpVXOWDWV GpULYpV
GLUHFWHPHQWGHODPDWULFHGHIOX[PHWWHQWHQpYLGHQFHOHGHJUpGHSRODULVDWLRQGHVLQVWDOODWLRQV
GH FRQVRPPDWLRQ DLQVL TXH OHV ]RQHV SUpIpUHQWLHOOHPHQW H[SORLWpHV j GHV ILQV pQHUJpWLTXHV
/¶DQDO\VH GHV LQWHUDFWLRQV TXDQWLWpGLVWDQFH HQWUH OHV FRXSOHV GH OLHX[ UpIpUHQFpV GDQV OD
PDWULFHSHUPHWG¶DIILQHU OHV UpVXOWDWVHWGHPHWWUHHQpYLGHQFHGHVSKpQRPqQHVGHJUDGLHQW
VSDWLDO G¶HIIHW IURQWLqUH HWF /HV GRQQpHV Q¶pWDQW IRXUQLHV TXH SRXU XQH VDLVRQ GH FKDXIIH




2.2. Les données constitutives de la matrice de flux de plaquettes 
forestières

'DQV OH FDGUH GH FHV UHFKHUFKHV VHXOHV GHX[ VRFLpWpV G¶DSSURYLVLRQQHPHQW RQW DFFHSWp GH
QRXV IRXUQLU GHV GRQQpHV GH WUDoDELOLWp FRQFHUQDQW GHV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV
IRUHVWLqUHV O¶HQWUHSULVH GH WUDYDX[ IRUHVWLHUV *,5$5' EDVpH j )HUWDQV 'RXEV HW 21)
eQHUJLH /¶H[SORLWDWLRQ GHV GRQQpHV G¶21) eQHUJLH HVW VRXPLVH j FRQYHQWLRQ DYHF
G¶LPSRUWDQWHV FODXVHV GH FRQILGHQWLDOLWp ,O V¶DJLW HQ HIIHW G¶XQ GRPDLQH HQ SOHLQ
GpYHORSSHPHQW HW IRUWHPHQW FRQFXUUHQWLHO FH TXL H[SOLTXH OD UpWLFHQFH GH ERQ QRPEUH
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G¶DFWHXUVGH OD ILOLqUHjQRXV WUDQVPHWWUHGHV LQIRUPDWLRQV HQGpSLWGH OD WUDQVSDUHQFHGRQW
QRXV QRXV GHYRQV GH IDLUH SUHXYH HQ WDQW TXH FKHUFKHXU 'H FH IDLW LO IDXW ELHQ SUHQGUH
FRQVFLHQFH TXH OHV GRQQpHV VRQW ORLQ G¶rWUH H[KDXVWLYHV FH TXL HVW XQ REVWDFOH SRXU
O






SODWHIRUPH GH VWRFNDJH VLWXpH j O¶LQWHUIDFH GH WURLV FKDXIIHULHV GH WDLOOHV VHQVLEOHPHQW
VLPLODLUHV/DFRQILJXUDWLRQHVWGLIIpUHQWHSRXUOHVFKDXIIHULHVDOLPHQWpHVSDU21)eQHUJLHDX
VHLQGH O¶DJJORPpUDWLRQELVRQWLQH%LHQTXH ODVLWXDWLRQVRLWFHQVpHrWUH LGHQWLTXHjFHOOHGH
O¶HQWUHSULVH *,5$5' SOXVLHXUV FKDXIIHULHV SRXU XQH PrPH VRFLpWp OD SRODULVDWLRQ GH OD
FRQVRPPDWLRQ SDU OD FKDXIIHULH GH 3ODQRLVH HVW WHOOH TXH FHWWH GHUQLqUH DSSDUDvW FRPPH












IOX[pWDQWSOXV LPSRUWDQWV HWHQ IOX[ WHQGXVSRXU ODFKDXIIHULHGH3ODQRLVH OHVGRQQpHV
TXLOXLVRQWDIIpUHQWHVVRQWGHFHIDLWYHQWLOpHVPHQVXHOOHPHQW




PDWULFHV RULJLQHVGHVWLQDWLRQ QH VRLHQW SDV GLVSRQLEOHV RX LQFRPSOqWHV FH TXL HVW QRWUH FDV

















/¶DYDQFpHGHV UHFKHUFKHVGDQV OHGRPDLQHGHVDSSURYLVLRQQHPHQWVHQSODTXHWWHV IRUHVWLqUHV
HVWDVVH]IDLEOHHQUDLVRQGXGpYHORSSHPHQWUpFHQWGHODILOLqUHHWGXPDQTXHG¶LQIRUPDWLRQV
GRQQpHVQRQH[KDXVWLYHV*D]XOO SDVVHHQ UHYXHTXDWUHJUDQGV W\SHVG¶DSSURFKHV
HPSOR\pVSRXUPRGpOLVHUOHVSUpOqYHPHQWVHQERLVpQHUJLHHQPLOLHXVDKpOLHQSDUDGLJPHGH
9RQ 7KQHQ SDUDGLJPH JUDYLWDLUH GH O¶LQWHUDFWLRQ VSDWLDOH SDUDGLJPH GX FKRL[ GLVFUHW
SDUDGLJPH PXOWLDJHQW %LHQ TXH OHV FRQWH[WHV QH VRLHQW SDV FRPSDUDEOHV LO OLYUH
G¶LQWpUHVVDQWHV UpIOH[LRQV TXDQW j OD SHUWLQHQFH G¶XQH DSSURFKH SDU UDSSRUW j XQH DXWUH HQ
IRQFWLRQ GHV GRQQpHV HW GHV REMHFWLIV GH PRGpOLVDWLRQ 6HORQ OHV SDUDGLJPHV HW OHV ELHQV
pWXGLpVO¶DQDO\VHSRUWHGRQFHVVHQWLHOOHPHQWVXU
x ODIRUPHWDLOOHJpRPpWULHGHVDLUHVGHPDUFKpx OHVUHODWLRQVHQWUHOHVOLHX[GHSURGXFWLRQHWOHVOLHX[GHYHQWHx OHVUHODWLRQVHQWUHOHVOLHX[GHFRQVRPPDWLRQHWOHVOLHX[GHYHQWHx OHVSRVLWLRQVUHODWLYHVGHVOLHX[GHSURGXFWLRQGHYHQWHGHFRQVRPPDWLRQx OHVSURFHVVXVG¶DJJORPpUDWLRQRXGHGLVSHUVLRQ*D]XOO
/HFKRL[G¶XQPRGqOHG¶LQWHUDFWLRQVSDWLDOHHVWLQIOXHQFpSDUXQQLYHDXG¶DJUpJDWLRQSHUWLQHQW
GH O¶LQIRUPDWLRQ HW GHV FRPSRUWHPHQWV GXQLYHDXPLFURGHV LQGLYLGXV DXQLYHDXPDFURGX
PDUFKpGDQVVRQHQVHPEOH8QHDSSURFKHLQGLYLGXFHQWUpHHVWLFLWURSFRPSOH[HjPHWWUHHQ
°XYUHHQ UDLVRQGXPDQTXHGH WUDQVSDUHQFHDXVHLQGH OD ILOLqUHG¶DSSURYLVLRQQHPHQWHWGH
SUREOqPH GH FROOHFWH G¶XQH PDVVH LPSRUWDQWH G¶LQIRUPDWLRQV LQGLYLGXHOOHV SRVDQW GHV
SUREOqPHV GH YDOLGDWLRQ (Q UHYDQFKH HQ SUpVHQFH GH GRQQpHV DJUpJpHV PrPH DYHF GHV
PDWULFHV G¶LQWHUDFWLRQV LQFRPSOqWHV OH UHFRXUV j XQ PRGqOH GH W\SH JUDYLWDLUH Q¶HVW SDV





 %HDXFRXS G¶DFWHXUV RQW SUpIpUp GH QH SDV GLYXOJXHU OHXUV VRXUFHV G¶DSSURYLVLRQQHPHQW HQ GpSLW GH OD
WUDQVSDUHQFHHWGXUHVSHFWGHODFRQILGHQWLDOLWpDX[TXHOVQRXVQRXVpWLRQVHQJDJpV





FRPPH OHV pFKDQJHV FRPPHUFLDX[ -RVVHOLQ HW1LFRW  j GHV DVSHFWV EHDXFRXSPRLQV
FRQYHQWLRQQHOVFRPPHOHGHJUpGHPpGLDWLRQSD\VDJqUHGHFHUWDLQVVLWHV WRXULVWLTXHVvia OHV
FDUWHV SRVWDOHV /LWRW  2U G¶XQ SRLQW GH YXH FRQFHSWXHO OHV EDVVLQV









'qV OH PLOLHX GX ;,;qPH VLqFOH OHV FKHUFKHXUV UHPDUTXHQW GHV UpJXODULWpV GDQV OHV IOX[





DWWULEXpHj:LOOLDP-5HLOO\TXLGDQVXQRXYUDJHLQWLWXOpthe law of retail gravitationSXEOLp
j1HZ<RUN HQ  WUDQVSRVH H[SOLFLWHPHQW OD ORL GH1HZWRQ HQ JpRJUDSKLH (Q UpDOLWp
5HLOO\UHSUHQDLWOHVLQWXLWLRQVGH5HQVW*HRUJ5DYHQVWHLQOHTXHOGDQVVHV law of migration
RXYUDJH SXEOLp HQ  GUHVVDLW XQH FDUWH GHV FRXUDQWPLJUDWRLUHV IRQGpH VXU OD ORL GH OD
JUDYLWDWLRQª 3DUURFKLD %LHQ TXH OHVPRGqOHV JUDYLWDLUHV VH VRLHQW GDQV XQ SUHPLHU
WHPSVLQWpUHVVpVjODPRELOLWpGHVSHUVRQQHVGHVDUUDQJHPHQWVRQWSDUODVXLWHpWpHIIHFWXpV
SRXU G¶DXWUHV W\SHV GH IOX[ PDUFKDQGLVHV LQIRUPDWLRQV HWF HW OHXU XWLOLVDWLRQ V¶HVW
ODUJHPHQWUpSDQGXHGDQVOHVGRPDLQHVGHODJpRJUDSKLHGHO¶DPpQDJHPHQWHWGHO¶pFRQRPLH
VSDWLDOH 1pDQPRLQV OHXU XWLOLVDWLRQ QH YD SDV VDQV VRXOHYHU XQ FHUWDLQ QRPEUH
G¶LQWHUURJDWLRQV OLpHV QRWDPPHQW j OD YDOLGLWp GHV SDUDPqWUHV HVWLPpV /¶REMHFWLI GH FH
FKDSLWUH HVW GRQF GH UpIOpFKLU j OD SHUWLQHQFH GH O¶XWLOLVDWLRQ GH FH W\SH GHPRGqOH GDQV OH
FDGUH GH QRWUH SUREOpPDWLTXH HW DX[ PR\HQV GH OH PHWWUH HQ °XYUH &HOD QRXV SHUPHW
pJDOHPHQW G
DSSUpKHQGHU OD UHODWLRQ ©GLVWDQFHLQWHQVLWp GHV IOX[ HQ SODTXHWWHV IRUHVWLqUHVª
TXLHVWXQERQPR\HQGHUpIOpFKLUDXFRQFHSWGHORFDOLWp

$SUqV DYRLU pWXGLp OHV IOX[ HIIHFWLIV DX PR\HQ GH PpWKRGHV G¶DQDO\VH GHV LQWHUDFWLRQV
VSDWLDOHVHWGpFULWOHVFDUDFWpULVWLTXHVIRQGDPHQWDOHVGHODIRUPHHWGHO¶LQWHQVLWpGHVIOX[GH















GRPLQpHV SDU OHV PRGqOHV GH W\SH JUDYLWDLUH ,OV IRQW SDUWLH GHV SUHPLHUV PRGqOHV j DYRLU
WURXYp XQH DSSOLFDWLRQ HQ VFLHQFHV VRFLDOHV HW FRQWLQXHQW DXMRXUG¶KXL j rWUH XWLOLVpV
GpYHORSSpV HW DPpOLRUpV +D\QHV HW )RWKHULQJKDP  ,OV WURXYHQW DLQVL GH PXOWLSOHV




DLQVL TXH GH OHXU GHJUp GH VpSDUDWLRQ HW j OD VLPSOLFLWp GH OHXU IRUPDOLVPHPDWKpPDWLTXH
&¶HVW XQPR\HQ GH GpWHUPLQHU OHV pOpPHQWV 7LM FI ILJXUH  GH OD PDWULFH G¶LQWHUDFWLRQV
VSDWLDOHVTXHO¶RQVRXKDLWHUHFRQVWLWXHU7RXWHIRLVPrPHV¶LOUpVXPHWUqVVRXYHQWGHPDQLqUH
VDWLVIDLVDQWH OD FRQILJXUDWLRQ GHV IOX[ GDQV O¶HVSDFH JpRJUDSKLTXH HW LQWHUYLHQW GDQV
O¶H[SOLFDWLRQGHSUHVTXHWRXWHVOHVVWUXFWXUHVVSDWLDOHVRXSURFHVVXVVSDWLDX[ ODFRQVWUXFWLRQ





%LHQ TXH WUqV VRXYHQW XWLOLVpH GDQV OHV VFLHQFHV JpRJUDSKLTXHV DX SRLQW TX¶HOOH HVW FLWpH
FRPPH XQ PRGqOH LQFRQWRXUQDEOH DXTXHO RQ UHFRXUW GH IDoRQ TXDVLV\VWpPDWLTXH SRXU
H[SOLTXHU OHV GpWHUPLQDQWV GHV LQWHUDFWLRQV VSDWLDOHV GX PRLQV GDQV XQ SUHPLHU WHPSV
3XPDLQ HW DO  0LNNRQHQ HW /XRPD  O¶DQDORJLH IRUPDOLVpH GH OD IRUPXOH
G¶DWWUDFWLRQXQLYHUVHOOHGH1HZWRQSHXWQpDQPRLQVSRVHUTXHVWLRQ3LQLHW0LOKDXG/H
GpEDWVXUOHVOLPLWHVGXPRGqOHJUDYLWDLUHV¶LQVFULWGDQVXQGpEDWSOXVYDVWHTXLUHSRVHVXUOD
SHUWLQHQFH GH O¶XWLOLVDWLRQ GH PRGqOHV HQ JpRJUDSKLH RX G¶DXWUHV VFLHQFHV VRFLDOHV
'REUXVNHV HW 0DUULVDO  /¶REMHFWLI GH FH SDUDJUDSKH Q¶HVW SDV GUHVVHU XQH OLVWH
H[KDXVWLYH GHV LQFRKpUHQFHV SRVpHV SDU OD WUDQVSRVLWLRQ GH O¶DQDORJLH JUDYLWDLUH j O¶HVSDFH
JpRJUDSKLTXH pYLGHPPHQW GLIIpUHQW GH SDU VD GLPHQVLRQ DQWKURSLTXH GH O¶HVSDFH
FRVPRORJLTXH PDLV GH SRUWHU XQ UHJDUG FULWLTXH VXU OHV OLPLWHV OLpHV j O¶XWLOLVDWLRQ GH FH
PRGqOHGDQVOHFDGUHGHFHWUDYDLO

3RXU <DPDVKLWD  WRXWH DQDORJLH G¶XQH GLVFLSOLQH VFLHQWLILTXH j XQH DXWUH SRVH
SUREOqPH TXH FH VRLW DX QLYHDX GH O¶LPSOpPHQWDWLRQ  GX PRGqOH RX DX QLYHDX GH VRQ




JUDYLWDWLRQ GH OD VSKqUH SK\VLTXH DX GRPDLQH JpRJUDSKLTXH SXLVVH rWUH SUREOpPDWLTXH
3DUURFKLDLQVLVWHVXUOHIDLWTXHO¶DSSOLFDWLRQGHVSULQFLSHVGHODJUDYLWDWLRQWLHQWVRXV
OD FRQGLWLRQ TX¶XQ FHUWDLQ QRPEUH G¶K\SRWKqVHV VRLHQW VDWLVIDLWHV HVSDFH FRQWLQX








FH TXL SHXW pYLGHPPHQW rWUH XQ LQFRQYpQLHQW GDQV XQH RSWLTXH G¶DPpQDJHPHQW HW GH
SODQLILFDWLRQV¶LQWpJUDQWGDQVXQHSODJH WHPSRUHOOHDVVH]YDVWH'¶DXWUHVDXWHXUV 3XPDLQHW
DO  HW  'REUXNHV HW 0DULVVDO  PHWWHQW HQ DYDQW OD SDXYUHWp WKpRULTXH GH FH
PRGqOHHWODVLPSOLFLWpGHODIRUPXOHGHEDVHTXLHQIRQWXQPRGqOHWUqVUpGXFWHXUTXDQWDX[




JpRJUDSKLTXH'3XPDLQ K\SHUJpR%LHQTXHG¶XQHJUDQGHXWLOLWp SUDWLTXH F¶HVW XQ
PRGqOH VWDWLTXH TXL QH SUHQG SDV HQ FRPSWH O¶pYROXWLRQ GH OD FRQILJXUDWLRQ HQ SDUWLFXOLHU
FHOOH HQJHQGUpH SDU OHV IOX[ ' 3XPDLQ K\SHUJpR  /D VWUXFWXUDWLRQ GHV
DSSURYLVLRQQHPHQWVHQSODTXHWWHVIRUHVWLqUHVSURYHQDQWG
RSpUDWLRQVSRQFWXHOOHVFKDQWLHUGH
GpIULFKHPHQW GH QHWWR\DJH WUDYDX[ OLpV j OD FRQVWUXFWLRQ G
LQIUDVWUXFWXUHV GH WUDQVSRUW











SURFHVVXV TXL DERXWLW j FHWWH VLWXDWLRQ *LOORQ  &HWWH FRQGLWLRQ HVW LPSRVpH SDU OD
GLVSRQLELOLWp GHV GRQQpHV SXLVTX




DX PRGqOH SHXW rWUH H[WUrPHPHQW HQULFKLVVDQWH HW IpFRQGH HW SHUPHW GHFHUQHU OHV
SKpQRPqQHV TXL VH SUpVHQWHQW DXWUHPHQW TX¶DWWHQGX HQ UDLVRQ G¶DVSHFWV pFRQRPLTXHV
SROLWLTXHVVRFLDX[SHXRXSDVSULVHQFRPSWHLQLWLDOHPHQW'REUXNHVHW0DULVVDO2Q









DFFHSWHQWSDV OD WUDQVSRVLWLRQDXFRPSRUWHPHQWKXPDLQGHV ORLVGH ODSK\VLTXHHW WHQWHQW
G








SDUWLFLSH DX FRW GH PLVH HQ UHODWLRQ OHV DFWHXUV REpLVVDQW j XQ SULQFLSH GH UDWLRQDOLWp






GH VHQV j O¶DQDO\VH HQWUH UpDOLWp HW PRGqOH TX¶DX[ UpVXOWDWV GX PRGqOH HX[PrPHV HW
O¶XWLOLVDWLRQG¶XQPRGqOHSHUPHWDLQVLHQSUHPLqUHDQDO\VHGHYRLUVLXQSKpQRPqQHpWXGLp
V¶\FRQIRUPHTXLWWHjDMXVWHUHQVXLWHO¶H[SOLFDWLRQRXjODFRPSOpWHU&HTXLSRVHODTXHVWLRQ
GHV U{OHV GHV GpWHUPLQDQWV SXLVVDQFH HW GLVWDQFH GDQV OHV LQWHUDFWLRQV VSDWLDOHV
UHSUpVHQWpHVSDUOHVIOX[GHSODTXHWWHVIRUHVWLqUHV

3.2. Principes et formulation mathématique de base 
















x $YHF M TXL UHSUpVHQWH OD PDVVH GHV REMHWV JpRJUDSKLTXHV HQ LQWHUDFWLRQ /HV PDVVHV












UpFHSWULFH HVW DVVLPLOpH j OD SXLVVDQFH GHV FKDXIIHULHV H[SULPpH HQ 0: HW WUDGXLVLEOH HQ
PqWUHV FXEHV DSSDUHQWV SODTXHWWHV WRQQHV pTXLYDOHQW SpWUROH RX WRQQHV GH SODTXHWWHV
IRUHVWLqUHV VHORQ OHV XQLWpV GH PHVXUH XWLOLVpHV SDU OHV SURIHVVLRQQHOV GH OD ILOLqUH
G¶DSSURYLVLRQQHPHQWHWODPHVXUHGHODPDVVHGHOD]RQHpPHWWULFHHVWWKpRULTXHPHQWGRQQpH
SDUODTXDQWLWpGHSODTXHWWHVIRUHVWLqUHVSRWHQWLHOOHPHQWSURGXLWHSDUFHV]RQHV'HIDoRQ
























LPSRUWDQWH HW SDU FRQVpTXHQW SOXV OH SRVWH GH GpSHQVH OLp j OD GLVWDQFH SDUFRXUXH HVW
LPSRUWDQWOHVV\VWqPHVGHIRUIDLWVSURSRVpVSDUOHVWUDQVSRUWHXUVHWOHFRWGHUHYLHQWSDUIRLV












pFRORJLTXH LO HVW LQWpUHVVDQWG¶pYDOXHU OH FRWGH O¶pQHUJLH HWGRQFGHV WUDQVSRUWVSRXUHQ
PHVXUHU O¶LPSDFW VXU OHV IOX[ /D GLVWDQFH HVW pYDOXpH GDQV XQ SUHPLHU WHPSV GH IDoRQ
HXFOLGLHQQH PrPH VL FH Q¶HVW JXqUH VDWLVIDLVDQW SXLVTXH O¶KpWpURJpQpLWp GH O¶HVSDFH
JpRJUDSKLTXHHWGHVUpVHDX[Q¶HVWSDVSULVHHQFRPSWH8QHPHVXUHGHVGLVWDQFHVUpVHDX[HQ
IDLVDQWO¶K\SRWKqVHGXFKHPLQOHSOXVFRXUWHVWSUpIpUDEOH
3.3. Modèle gravitaire, aires d’influence et bassins 
d’approvisionnement 

'¶XQ SRLQW GH YXH PpWKRGRORJLTXH OHV GpFRXSDJHV VSDWLDX[ GHV DLUHV G¶LQIOXHQFH VRQW OD
FRQYHUVLRQ HQ VXUIDFH GH O¶LQWHQVLWp G¶XQH UHODWLRQ HQWUH OHV XQLWpV JpRJUDSKLTXHV HW






GHV SUREDELOLWpV GH WUDQVIHUW YHUV OH FHQWUH/
DWWUDFWLYLWp pWDQW FHQWULSqWH HW FXPXODWLYH HOOH










DSSURYLVLRQQHPHQW GH OD FKDXIIHULH HW GH FDOFXOHU FRPPHQW GHV REMHWV
JpRJUDSKLTXHV GRQQpV LFL GHV TXDQWLWpV GH SODTXHWWHV IRUHVWLqUHV SHXYHQW VH UpSDUWLU HQWUH
SOXVLHXUV FHQWUHV G
LQpJDOHV LPSRUWDQFHV 1RWRQV TXH FH PRGqOH QH IDLW LQWHUYHQLU TXH OD




TXHSDU ODGLVWDQFHHQWUH OLHX[GHFRQVRPPDWLRQHWGHSURGXFWLRQ©$YHFFHPRGqOHHW HQ




LVRG\QHV FRUUHVSRQGDQW j GHV SRLQWV G
RIIUH FRQFXUUHQWV O
LQWHUVHFWLRQ GH GHX[ LVRG\QHV GH
PrPHYDOHXUGpILQLW GHX[SRLQWVR O
XWLOLWpGHVGHX[SRLQWVG























































DSSURYLVLRQQHPHQW HQ SODTXHWWHV IRUHVWLqUHV VRQW PDWpULDOLVpV SDU GHV
LQWHUDFWLRQV VSDWLDOHV TXL VRQW O









REMHFWLI SRXUVXLYL HVW G









GRQW VH UpFODPHQW OD TXDVLWRWDOLWp GHV DFWHXUV GH OD ILOLqUH HW TXL LPSOLTXH XQH QpFHVVDLUH
PLQLPLVDWLRQGHVGLVWDQFHVGH WUDQVSRUW$XYXGHFHVGHX[pOpPHQWVQRXVVXSSRVRQVGRQF
TXH OHV PDVVHV SXLVVDQFH GHV FKDXIIHULHV HW OD GLVWDQFH RQW XQ U{OH GpWHUPLQDQW GDQV OD
FRQILJXUDWLRQ GHV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV HW TXH GqV ORUV O
DQDORJLH







HQWUHU OD QRWLRQ GH SRUWpH OLPLWH GDQV OD GpOLPLWDWLRQ GHV ]RQHV G¶DWWUDFWLRQ 7 6W-XOLHQ
+\SHUJpR2U FHWWH QRWLRQ GH VHXLO TXL GpVLJQH OD SRUWpH OLPLWH GH O¶LQWHUDFWLRQ VSDWLDOH
FRUUHVSRQGDQWOHSOXVVRXYHQWjODYDULDEOHGLVWDQFHLGHPHVWWUqVLQWpUHVVDQWHjpWXGLHUGDQV
OH FDGUH GH QRWUH SUREOpPDWLTXH SXLVTX
HOOH SHUPHW GH PHWWUH HQ pYLGHQFH OD VWUXFWXUH GHV
]RQHVG
DWWUDFWLRQGHVFKDXIIHULHVHWOHVOLPLWHVGHFHVGHUQLqUHV&HSHQGDQWVLFHWWHGpPDUFKH
HVW LQWpUHVVDQWHSRXU O¶DQDO\VHGHVGHVFULSWHXUVGH O¶LQWHUDFWLRQVSDWLDOHHW ODFRPSUpKHQVLRQ
GHVSURFHVVXVG¶DSSURYLVLRQQHPHQWXQHGpPDUFKHH[SORUDWRLUHIRQGpHVXUODVDWLVIDFWLRQGHOD
GHPDQGHSHXWpJDOHPHQWFRQWULEXHUjODGpILQLWLRQG¶DLUHVG¶DSSURYLVLRQQHPHQWRSWLPLVpHVHW
VDWLVIDLVDQW OD FRQWUDLQWH GH PLQLPLVDWLRQ GHV GLVWDQFHV GH WUDQVSRUW 1pDQPRLQV XQH WHOOH
GpPDUFKH QH SHXW V
HQYLVDJHU VDQV DYRLU SUpDODEOHPHQW GpILQL OHV TXDQWLWpV GH ELRPDVVH
OLJQHXVHVpQHUJLVDEOHV



















G¶DPpQDJHPHQW IRUHVWLHURXGDQVXQHRSWLTXHGH UHFKHUFKHVFLHQWLILTXH 3DUUHVRO(W
O¶DXJPHQWDWLRQ GHV EHVRLQV GH SODTXHWWHV IRUHVWLqUHV DLQVL TXH OD YDORULVDWLRQ GH WRXV OHV
FRPSDUWLPHQWVGHO¶DUEUHRQWHXSRXUFRUROODLUHOHGpYHORSSHPHQWGHPpWKRGHVGHPHVXUHHW
G¶pYDOXDWLRQ GH OD UHVVRXUFH OLJQHXVH +XVFK HW DO   3KLOLS /HV SRWHQWLHOV HQ
SODTXHWWHV IRUHVWLqUHV IRUPHQW XQH SDUW GH OD IUDFWLRQ GLUHFWHPHQW pQHUJLVDEOH GHV HVSDFHV
ERLVpV IRUHVWLHUV RX QRQ FH TXL LPSOLTXH GH ELHQ FRQQDLWUH OD UHVVRXUFH OLJQHXVH HW VHV
PRGDOLWpVGHJHVWLRQH[SORLWDWLRQ$LQVL O¶DGpTXDWLRQ >SUpVHQFHGH IRUrW SUpVHQFHGHERLV




SUpFLVLRQ QRWDPPHQW j SDUWLU GHV GRQQpHV GH O
,QYHQWDLUH )RUHVWLHU 1DWLRQDO /H &HPDJUHI
GpWDLOOHOHVpWXGHVH[LVWDQWHVDXQLYHDXQDWLRQDOHQPDWLqUHG¶DQDO\VHGHVTXDQWLWpVGH
ELRPDVVHIRUHVWLqUHGLVSRQLEOH©SRXUGHQRXYHDX[GpERXFKpVpQHUJpWLTXHVHWLQGXVWULHOVª/D
SOXSDUW GH FHVPpWKRGHV G¶HVWLPDWLRQ GH OD UHVVRXUFH OLJQHXVH RQW pWp GpYHORSSpHV SDU GHV
RUJDQLVPHVSDUWLFLSDQWjODJHVWLRQGHVHVSDFHVIRUHVWLHUV21)&53)&2)25,)1HWQH
VRQWSDUFRQVpTXHQWSDVH[SORLWDEOHVWHOOHVTXHOOHVGDQVOHFDGUHGHFHVWUDYDX[/DGpPDUFKH
JpQpUDOH GH FHV PRGqOHV YLVDQW j GpWHUPLQHU GHV YROXPHV OLJQHX[ H[SORLWDEOHV j GHV ILQV














%LHQ TXH FHWWH PpWKRGH WLHQQH FRPSWH G¶XQ JUDQG QRPEUH GH FRQWUDLQWHV LO FRQYLHQW
QpDQPRLQV GH GLUH TXH FHUWDLQV SDUDPqWUHV VRQW WUqV GLIILFLOHV j HVWLPHU HQ UDLVRQ GHV
LQFHUWLWXGHV SHVDQW VXU OH FRPSRUWHPHQW GpFLVLRQQHO GHV SURSULpWDLUHV O¶HVWLPDWLRQ GHV
FRQWUDLQWHV pFRQRPLTXHV GDQV XQ FRQWH[WH GH YRODWLOLWp GHV SUL[ GH O¶DEVHQFH GH VFpQDULL
V\OYLFROHVSRXUXQHIUDFWLRQGHVHVSDFHVIRUHVWLHUVHWF
/
REMHFWLI HVW GH V
DSSX\HU VXU OHV PpWKRGHV H[LVWDQWHV HW GH GpYHORSSHU HQ IRQFWLRQ GHV
GRQQpHVTXHQRXVDYRQVjGLVSRVLWLRQHWGH OD ILQDOLWpGHQRWUHPRGqOHXQHGpPDUFKHQRXV
SHUPHWWDQW G








/HVPpWKRGHV HWPRGqOHV LVVXV GH OD IRUHVWHULH V




Éléments de méthode pour la modélisation des approvisionnements et la quantification des potentiels énergisables 
_________________________________________________________________________________  

FRQVLGpUpV DORUV TXH O







PDWLqUHGH©biomasse disponible pour de nouveaux débouchés énergétiques et industriels ª
&HVGHUQLqUHVpODERUpHV OHSOXVVRXYHQWSDUGHV IRUHVWLHUVRX LQVWLWXWLRQVHQ UDSSRUWDYHF OD
JHVWLRQIRUHVWLqUH,)121)$)2&(/HWF©WUDLWHQWGHSRLQWVWUqVGLYHUVGHODILOLqUHERLV
pQHUJLH GHSXLV OD UHVVRXUFHGLVSRQLEOH HQ IRUrW MXVTX¶j OD FRQVWUXFWLRQGH OD FKDXGLqUH HQ
SDVVDQW SDU OHV GLIIpUHQWV PR\HQV GH UpFROWHª HW VRQW SOXV RX PRLQV pODERUpHV VHORQ OHV
REMHFWLIV IL[pV SUpDODEOHPHQW HW OD ILQHVVH GHV GRQQpHV H[SORLWpHV  /¶REMHFWLI LFL Q¶HVW SDV
G¶pWXGLHU HQ GpWDLO OHV  GRFXPHQWV UHFHQVpV SDU OH &HPDJUHI  PDLV GH QRXV
FRQFHQWUHUVXUOHVpWXGHVUpDOLVpHVjXQpFKHORQUpJLRQDOGpSDUWHPHQWDORXORFDOHWG¶DQDO\VHU
OHV PpWKRGHV GH FDOFXO VRXVMDFHQWHV OHV GRQQpHV XWLOLVpHV HW OHV UpVXOWDWV SUpVHQWpV
QRWDPPHQWOHXUGHJUpGHVSDWLDOLVDWLRQ
































x /HVPpWKRGHV HPSLULTXHV SHUPHWWHQW j SDUWLU GH OD  SURGXFWLRQ FRXUDQWH PHVXUpH SDU
O
,)1 G
pYDOXHU OD GLVSRQLELOLWp UpHOOH HQ DSSOLTXDQW XQ FRHIILFLHQW UpGXFWHXU TXL GpSHQG
GHVFRQGLWLRQVpFRQRPLTXHVGXPRPHQWx /HVPpWKRGHVGHSURMHFWLRQGHVGRQQpHV,)1GDQVOHWHPSVIRXUQLVVHQWTXDQWjHOOHVXQH
SUpYLVLRQ GH SUpOqYHPHQWV DQQXHOV SRVVLEOHV SDU SURMHFWLRQ GHV LQIRUPDWLRQV GDQV OH
WHPSV HW QH VRQW YDODEOHV TXH VL OD VWUXFWXUH HQ VXUIDFH HW HQ YROXPH DLQVL TXH OD
SURGXFWLRQ FRXUDQWH UHVWHQW FRQVWDQWHV SHQGDQW OD SpULRGH GH FDOFXO /D PpWKRGH GHV
GLVSRQLELOLWpVEUXWHVXWLOLVpHHQIDLWSDUWLH

&HVGHX[PpWKRGHVQRXV LQWpUHVVHQWSDUWLFXOLqUHPHQWGDQV OH FDGUHGHFHV WUDYDX[FDU HOOHV
VRQW UHODWLYHPHQW VLPSOHV j PHWWUH HQ °XYUH HQ FRPSDUDLVRQ DX[ PRGqOHV EDVpV VXU GHV
VFpQDULL V\OYLFROHV SRXVVpV HW GHV GRQQpHV GHQGURPpWULTXHV H[WUrPHPHQW SUpFLVHV'¶DXWUH
SDUWHOOHVLQWqJUHQWXQHGLPHQVLRQWHPSRUHOOHH[WUrPHPHQWLPSRUWDQWH
x /HVPpWKRGHVGHWUDQVSRVLWLRQGHVGRQQpHV,)1GDQVOHWHPSVSHUPHWWHQWGHFDOFXOHUOD
GLVSRQLELOLWp SDU FODVVH G
kJH RX GH GLDPqWUHPDLV QpFHVVLWHQW XQH SDUIDLWHPDLWULVH GHV
UqJOHVV\OYLFROHVHWVXSSRVHQWXQHSURGXFWLRQFRXUDQWHFRQVWDQWHFHTXLMXVWLILHTXHQRXV
QHUHFRXULRQVSDVjFHWWHPpWKRGRORJLH















HVSDFHV ERLVpV QRQ IRUHVWLHUV H[FHSWp SRXU OD GHUQLqUH YHUVLRQ GH OD PpWKRGH GpYHORSSpH














3DUPL OHV PpWKRGHV TXL QRXV LQWpUHVVHQW SDUWLFXOLqUHPHQW QRXV SRXYRQV FLWHU OHV
PpWKRGRORJLHV XWLOLVpHV SDU O¶21) HW OH &53) HQ  HQ &KDPSDJQH$UGHQQH HW HQ
5K{QH$OSHV /D SUHPLqUHPpWKRGH GRQQH XQH HVWLPDWLRQ IXWXUH SRXU FKDTXH FDWpJRULH GH
SURGXLWV HW VH EDVH VXU XQ ELODQ GH OD UpFROWH j O¶pFKHOOH UpJLRQDOH j SDUWLU GXTXHO HVW
HIIHFWXpHXQHHVWLPDWLRQSURVSHFWLYHGHODUpFROWHVXUOHVPrPHVSURGXLWVVXUOHVDQQpHVj
YHQLU /D VHFRQGH SHUPHW TXDQW j HOOH G¶HVWLPHU SDU HVVHQFH SULQFLSDOH HW HQ IRQFWLRQ GH












8 SUpOqYHPHQW SDU O¶H[SORLWDWLRQ DFWXHOOH ERLVEFKHV ERLV G¶LQGXVWULH HW DXWUHV /H
SUpOqYHPHQW HVW LVVX G¶XQ WDX[PR\HQ GRQQp SDU O¶,)1 VXU OHV  DQQpHV TXL RQW SUpFpGp
O¶LQYHQWDLUHHWHVWDSSOLTXpV\VWpPDWLTXHPHQWDX[]RQHVG¶H[SORLWDWLRQIDFLOHVDFKDQWTX¶RQ












D pWp SUpVHQWpH GDQV OHV UDSSRUWV ILQDX[ ,O Q
















/DPpWKRGH XWLOLVpH SDU O¶,)1 HW$)2&(/ FRQVLVWH j UpSDUWLU OHV IRUPDWLRQV ERLVpHV GH
SURGXFWLRQ HQ GLIIpUHQWV HQVHPEOHV GH SHXSOHPHQWV OH GRPDLQHV G¶pWXGH  VXVFHSWLEOHV
G¶rWUH VRXPLV j XQ PrPH VFpQDULR GH JHVWLRQ SXLV j DSSOLTXHU XQ RX SOXVLHXUV VFpQDULRV
PR\HQV j FKDTXH GRPDLQH G¶pWXGH DLQVL GpILQL VFpQDULR DFWXHO RX RSWLPDO GXUDQW XQH
SpULRGHGHTXLQ]HDQV/HVVFpQDULRVDFWXHOVVRQWHVWLPpVDSUqVFRPSDUDLVRQGHVGHX[GHUQLHUV
LQYHQWDLUHV GpSDUWHPHQWDX[ GLVSRQLEOHV 'HX[ VLPXODWLRQV RQW pWp PLVHV HQ SODFH VHORQ OH
W\SHGHVWUXFWXUHIRUHVWLqUHSUpVHQWpHVFLDSUqV
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/DPpWKRGHGHVsimulations par classe d’âge ILJXUHTXHO¶RQUHWURXYHpJDOHPHQWGDQV
OD GHUQLqUH YHUVLRQ GH O¶pYDOXDWLRQ GX JLVHPHQW ERLVpQHUJLH SURSRVp HW PLV HQ OLJQH SDU
O¶$'(0( SHUPHWG¶HVWLPHU OHVGLVSRQLELOLWpVHQERLVGDQVOHVSHXSOHPHQWVpTXLHQQHVGH
W\SH IXWDLH UpJXOLqUH HW WDLOOLV VLPSOHV HW D pWp PLV HQ °XYUH SDU OH ORJLFLHO 3&6,08/
GpYHORSSpSDU O¶,)1 ,O V¶DJLWGHVLPXOHU ODFURLVVDQFHGHVSHXSOHPHQWVjSDUWLUGH OHXUpWDW
LQLWLDO FDUDFWpULVpSDUXQHVXUIDFHXQYROXPHXQLWDLUHPR\HQj O¶KHFWDUH HQPKD HWXQH




















XQH SUpVHQWDWLRQ VRXV IRUPH GH WDEOHDX[ 6XU OH VLWH ,QWHUQHW XWLOLVDQW FHWWH
PpWKRGRORJLH O
XWLOLVDWHXU D OD SRVVLELOLWp G
REWHQLU GHV LQIRUPDWLRQV  SHUVRQQDOLVpHV SDU
GpSDUWHPHQWRXEDVVLQG
DSSURYLVLRQQHPHQW1pDQPRLQVODSUpVHQWDWLRQGHVUpVXOWDWVVHIDLWGH
PDQLqUH DJUpJpH j O
pFKHORQ UHWHQX VRXV IRUPH GH WDEOHDX[ $ WUDYHUV FHV GHX[ SUHPLHUV
H[HPSOHV QRXV YR\RQV TXH OD TXHVWLRQ GH O






SDV GH UHSUpVHQWDWLRQ VSDWLDOLVpH GHV UpVXOWDWV VDXI GDQV OHV 3ODQV G
$SSURYLVLRQQHPHQW
7HUULWRULDX[ QH VHUDLWFH TXH SRXU YLVXDOLVHU O




































VWDWLVWLTXHV QDWLRQDX[ HW YHQWLODWLRQ GH FH YROXPH HQ SURGXLWV SRWHQWLHOV %2 %,%(0%
&HWWH pWDSH YLVH j ©GpFULUH HW pYDOXHU OD UHVVRXUFH HQ SODFHª HQ FUpDQW XQH W\SRORJLH GH

ZZZGLVSRERLVHQHUJLHIU







GH QRUPHV GH SUpFRQLVDWLRQV GH JHVWLRQ GXUDEOH LVVXHV GH OD OLWWpUDWXUH HW GH O¶H[SHUWLVH
UpJLRQDOH HW QDWLRQDOH&HV VFpQDULRV FRPSUHQQHQW XQ WDX[GHSUpOqYHPHQW XQHGXUpH HQWUH
GHX[ LQWHUYHQWLRQVHWXQHGXUpHGHUpJpQpUDWLRQGHVSHXSOHPHQWVPUV/HVUHVVRXUFHVGLWHV
©SULQFLSDOHVªIRUrWVSHXSOHUDLHVHWKDLHVIRQWO¶REMHWG¶XQHpYDOXDWLRQGpWDLOOpHDORUVTX¶à

















SOXV VHQVLEOHV DX[ H[SRUWDWLRQV PLQpUDOHV FRQWUDLQWH HQYLURQQHPHQWDOH 2Q DGPHW DLQVL
JpQpUDOHPHQW TXH OHV SHUWHV G¶H[SORLWDWLRQ UHSUpVHQWHQW  GX YROXPH H[SORLWp PDLV







OHV FRWV G¶H[SORLWDWLRQ VRQW GpFRPSRVpV HQ GHX[ SRVWHV FRWV WHFKQLTXHV HW FKDUJHV GH
O¶H[SORLWDQW/HVFRWVWHFKQLTXHVVRQWFRQVWLWXpVGHVIUDLVHQJHQGUpVSDUODUpFROWHHOOHPrPH




















pFRQRPLTXH HW OD GLVSRQLELOLWp FRUUHVSRQGDQWH HVW LQFOXVH GDQV OD GLVSRQLELOLWp WHFKQLFR
pFRQRPLTXHFHWWHpWDSHHVWQpDQPRLQVjFRQVLGpUHUDYHFSUpFDXWLRQHQUDLVRQGHODYRODWLOLWp




OD GLVSRQLELOLWp VXSSOpPHQWDLUH GDQV OHV FRQGLWLRQV pFRQRPLTXHV DFWXHOOHV/¶HVWLPDWLRQGHV
SUpOqYHPHQWV UpFROWH HVW FDOFXOpH j SDUWLU  GHV HQTXrWHV DQQXHOOHV GH EUDQFKH ($%
©H[SORLWDWLRQ IRUHVWLqUH HW VFLHULHª YHQWLOpH SDU UpJLRQ HW JURXSHV G¶HVVHQFHV IHXLOOXV HW
UpVLQHX[ &HV HQTXrWHV VRQW j PDQLSXOHU DYHF SUpFDXWLRQ HQ UDLVRQ GH OHXU LPSUpFLVLRQ
G¶XQHSDUW FDU OHPDLOODJH OHSOXV ILQHVW O¶HVSDFH UpJLRQDO HWTXHG¶DXWUHSDUW O¶RULJLQHGHV
SUpOqYHPHQWV IRUrW RX KRUV IRUrW Q¶HVW SDV SUpFLVpH GDQV OHV ($% HW GRLYHQW GRQF rWUH
©HVWLPpHVjO¶DLGHG¶K\SRWKqVHVDGKRFª¬FHODV¶DMRXWHOHVHVWLPDWLRQVGHODFRQVRPPDWLRQ
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'DQV FHWWH DSSURFKH OD UHVVRXUFH OLJQHXVH D pWp FRPSDUWLPHQWpH HQ DSSOLTXDQW GLIIpUHQWV
FRHIILFLHQWVSHUPHWWDQWGHGpILQLUXQFHUWDLQYROXPHGHERLVpQHUJLVDEOH8QHDSSOLFDWLRQHQ
OLJQH D pWp GpYHORSSpH HW O
XWLOLVDWHXU SHXW DLQVL SDUDPpWUHU VHV UHTXrWHV VHORQ OH W\SH GH
FRXSHV OHV HVVHQFHV OHV FODVVHV G
H[SORLWDELOLWp OH W\SH GH SURSULpWp HWF $ O
LPDJH GHV
PpWKRGHVSUpFpGHQWHV OHQLYHDXG
DQDO\VH OHSOXV ILQ HVW OD UpJLRQ HW OHV UpVXOWDWVSUpVHQWpV
































GH %2 %, %( Æ FRPSDUWLPHQWDWLRQ GH
O
DUEUH QL SRXU OD SDUW GH UpPDQHQWV
SRXUFHQWDJHGXYROXPHH[SORLWp
1pFHVVLWp GH FRQQDLWUH O
kJH GHV







'LIILFLOH j PHWWUH HQ °XYUH FDU DXFXQH
YLVLELOLWp j FRXUWPR\HQ HW ORQJ WHUPHGH
































































































0LV HQ SODFH SDU OHV&RPPXQHV )RUHVWLqUHV GDQV OH FDGUH GX SURJUDPPH1000 chaufferies 
bois pour le milieu rural OH3$7HVWXQRXWLO>«@FRQVWUXLWSDUO
HQVHPEOHGHVDFWHXUVGHOD








(Q FRPSDUDLVRQ DYHF OHVPpWKRGHV SUpFpGHPPHQW pYRTXpHV OH 3$7 YLVH QRQ VHXOHPHQW j
pYDOXHU OD ELRPDVVH IRUHVWLqUH GLVSRQLEOH via OHV GRQQpHV G¶LQYHQWDLUH GH O¶,)1 PDLV


































XQ SRLQW GH YXH FRQFHSWXHO HW GDQV OHV REMHFWLIV DIILFKpV QRV WUDYDX[ GH UHFKHUFKH
UHMRLJQHQWOH3$7HQSOXVLHXUVSRLQWV'DQVFHWWHPpWKRGHOHUDLVRQQHPHQWVSDWLDOWUDQVSDUDLW
FODLUHPHQWHWOHVGRQQpHVXWLOLVpHVSRXUFDUDFWpULVHUODUHVVRXUFHIRUHVWLqUHVRQWGHVGRQQpHV
GH O¶,*1 %' 7RSR %' 2UWKR 6FDQ GHV GRQQpHV GH O¶,)1 GRPDLQHV G¶pWXGHV
FDUWRJUDSKLpV W\SRORJLH GpSDUWHPHQWDOH GHV GRQQpHV VXU OD IRUrW SXEOLTXH GHVVHUWH
IRUHVWLqUH W\SHVGHSHXSOHPHQWVGRQQpHVGHQGURPpWULTXHVGHVGRQQpHVVXU OD IRUrWSULYpH
FDUWRJUDSKLH GHV SHXSOHPHQWV HW GRQQpHV GHQGURPpWULTXHV 8QH IRLV FHV GRQQpHV
LPSOpPHQWpHV GDQV XQ SURJUDPPH GH WUDLWHPHQW GH O¶LQIRUPDWLRQ VSDWLDOLVpH WURLVPRGXOHV
IRQWWRXUQHUOHPRGqOH





 /HV REMHFWLIV GX 3$7 VRQW GLVSRQLEOHV VXU ,QWHUQHW j O















PRGHVWHV DX[ DOHQWRXUV G
 0: DX PD[LPXP HW QH FRQVLGqUHQW SDV OHV SUDWLTXHV
G













VDFKDQW TXH OD IRXUFKHWWH GHV FRWV GH SURGXFWLRQ HVW H[WUrPHPHQW ODUJH FRPSWH WHQX GHV
















FRUSXV GH GRQQpHV XWLOLVpHV GLIIqUHQW UDGLFDOHPHQW OHV 3$7 V¶DSSX\DQW VXU GHV GRQQpHV
G¶LQYHQWDLUHGHO¶,)1DORUVTXHQRXVUHFRXURQVjXQFRXSODJHHQWUHO¶LPDJHULHVDWHOOLWDLUHHW
GHV GRQQpHV LVVXHV GH WDEOHV GH SURGXFWLRQ 'DQV OHV 3$7 OD GLPHQVLRQ pFRQRPLTXH HVW
FHQWUDOH O¶RXWLOSURSRVHXQHpYDOXDWLRQGHVFRWVGHPRELOLVDWLRQGHODUHVVRXUFHIRUHVWLqUH
FRQVLGpUDQW OHV FRQWUDLQWHV WHFKQLTXHV OLpHV j OD SHQWH HW j OD GHVVHUWH DLQVL TXH GHV
SURSRVLWLRQV SRXU RSWLPLVHU OD FKDvQH ORJLVWLTXH G¶DSSURYLVLRQQHPHQW HW GLPLQXHU OH FRW
JOREDOGHODSODTXHWWHIRUHVWLqUHOLYUpH/HV3$7YLVHQWDLQVLjUpSRQGUHjXQFHUWDLQQRPEUH
G¶LQWHUURJDWLRQVHQOLHQDYHFODFDSDFLWpGHVUHVVRXUFHVLGHQWLILpHVVXUOHWHUULWRLUHjVDWLVIDLUH
O¶HQVHPEOH GHV LQVWDOODWLRQV HW GHV SURMHWV LGHQWLILpV VXU FH PrPH WHUULWRLUH DYHF OHV
FRQFXUUHQFHVG¶XVDJHPDLVpJDOHPHQWDYHFOHVPpWKRGHVG¶H[SORLWDWLRQGHGpFKLTXHWDJHGH
VWRFNDJHHWGHWUDQVSRUW&HWWHDSSURFKHHVWGRQFGLIIpUHQWHGHFHOOHTXHQRXVSURSRVRQV6L
QRXVYLVRQV j UpSRQGUH jGHVTXHVWLRQQHPHQWV VLPLODLUHV OHSUREOqPHHVW HQYLVDJp VRXVXQ
DXWUH DQJOH /D GLPHQVLRQ pFRQRPLTXH HVW FHQWUDOH GDQV OHV 3$7 DORUV TXH QRXV QRXV
LQWpUHVVRQV GDYDQWDJH j OD durabilité GHV SUpOqYHPHQWV /HV 3$7 UDLVRQQHQW XQLTXHPHQW j
O¶pFKHOOH G¶XQ WHUULWRLUH DORUV TXH QRXV UDLVRQQRQV DXVVL HQ WHUPHV GH EDVVLQV







DSSXLHQW WRXWHV VXU OHV GRQQpHV G
LQYHQWDLUH SRXU FDUDFWpULVHU HW TXDQWLILHU OD UHVVRXUFH
IRUHVWLqUH3RXUFDUWRJUDSKLHUOHFRXYHUWERLVpIRUHVWLHUHWQRQIRUHVWLHUHWHVWLPHUODELRPDVVH
UHFRXURQV j O¶LPDJHULH VDWHOOLWDLUH TXL SHXW RIIULU XQ FRPSOpPHQW LQWpUHVVDQW DX[ GRQQpHV
G¶LQYHQWDLUH












©/D WpOpGpWHFWLRQ HVW OD WHFKQLTXH TXL SDU O¶DFTXLVLWLRQ G¶LPDJHV SHUPHW G¶REWHQLU GH
O¶LQIRUPDWLRQ VXU OD VXUIDFH GH OD 7HUUH VDQV FRQWDFW GLUHFW DYHF FHOOHFL /D WpOpGpWHFWLRQ
HQJOREH WRXW OH SURFHVVXV TXL FRQVLVWH j FDSWHU HW j HQUHJLVWUHU O¶pQHUJLH G¶XQ UD\RQQHPHQW
pOHFWURPDJQpWLTXHpPLVRXUpIOpFKLj WUDLWHUHWjDQDO\VHU O¶LQIRUPDWLRQSRXUHQVXLWHPHWWUH
HQ DSSOLFDWLRQ FHWWH LQIRUPDWLRQª &HQWUH &DQDGLHQ GH WpOpGpWHFWLRQ  /DUJHPHQW
XWLOLVpH HQ IRUHVWHULH SRXU OD FDUDFWpULVDWLRQ GH OD UHVVRXUFH HOOH RIIUH XQ FHUWDLQ QRPEUH





TXL HPSORLHQW GHVPpWKRGHV G¶pFKDQWLOORQQDJH VWDWLVWLTXH DSSOLTXpHV j GHV SODFHWWHV R OHV
SDUDPqWUHVGHQGURPpWULTXHVVRQWPHVXUpVLQVLWX(QFRXSODQWFHVLQIRUPDWLRQVVWDWLRQQHOOHVj
GHV GRQQpHV VDWHOOLWDLUHV LO HVW WKpRULTXHPHQW  SRVVLEOH GH JpQpUDOLVHU OHV YROXPHV j
O¶HQVHPEOH GX FRXYHUW ERLVp HQ H[SORLWDQW OD UHODWLRQ UDGLRPpWULHYROXPH *RXGHW 
DIILUPH DLQVL TXH OH UHFRXUV j O¶LPDJHULH VDWHOOLWDLUH HVW SHUWLQHQW SRXU GpILQLU OHV YROXPHV
OLJQHX[VSpFLDOHPHQWGDQVXQFRQWH[WHGHPpFRQQDLVVDQFHGHODUHVVRXUFHHWG¶DXJPHQWDWLRQ




GH OD WpOpGpWHFWLRQ RIIUH XQH ERQQH YXH G
HQVHPEOH SHUPHWWDQW GH JDUGHU XQH FRKpUHQFH




UHSURGXFWLELOLWp GX PRGqOH  $LQVL O
XWLOLVDWLRQ GH O







OHVSHXSOHPHQWVFHTXLQ¶HVWSDV WRXMRXUV OHFDVDYHF OHVGRQQpHVG¶LQYHQWDLUHHQUDLVRQGH




GHV OLHX[&HFL HVW SDUWLFXOLqUHPHQW LQWpUHVVDQWGDQV OHV ]RQHVPDO FRQQXHVTXL QH VRQW SDV
FRQWU{OpHVSDUXQDPpQDJHPHQW HQSDUWLFXOLHUGDQV OHV IRUrWVSULYpHVVDQVSODQVVLPSOHVGH
JHVWLRQ*RXGHW/¶XVDJHGHODWpOpGpWHFWLRQQRXVSHUPHWHQRXWUHGHTXDQWLILHUDYHF
SOXVRXPRLQVGHSUpFLVLRQODELRPDVVHDpULHQQHGDQVOHV]RQHVQRQFDUWRJUDSKLpHVSDUO¶,)1
/D FODVVLILFDWLRQ G¶LPDJH SDU SL[HO SHUPHW GLVFULPLQHU GLIIpUHQWHV FODVVHV GH YpJpWDWLRQ HQ
IRQFWLRQ GH OHXU VLJQDWXUH VSHFWUDOH VDQV SRXU DXWDQW pYLWHU WRXWHV OHV FRQIXVLRQV 8Q
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1pDQPRLQV ELHQ TXH OD WpOpGpWHFWLRQ VDWHOOLWDLUH VRLW UHFRQQXH FRPPH XQH VRXUFH VUH
G
LQIRUPDWLRQ IRUHVWLqUH YDULpH SRXU OH YROXPH ERLV DXFXQH PpWKRGH Q
D pWp GpPRQWUpH
FRPPHpWDQWODSOXVDSSURSULpH%HQFKHULIHWXQHpYDOXDWLRQSUpFLVHQHSRXUUDSDVVH
SDVVHU G¶XQ FRXSODJH DYHF GHV GRQQpHV GH UHOHYp GH WHUUDLQ $LQVL FRPSDUp DX[PpWKRGHV
G¶LQYHQWDLUHWHUUDLQHWGHSKRWRLQWHUSUpWDWLRQO¶LPDJHULHVDWHOOLWDLUHQHSHXWHWQHSRXUUDSHXW
rWUH MDPDLV IRXUQLU GHV PHVXUHV GHQGURPpWULTXHV DEVROXHV 5HQDXG  PDLV HOOH RIIUH









RX LQIUDURXJHHWGH OD UpFHSWLRQGH VDSRUWLRQ UpIOpFKLHSDU WRXWREMHW LQWHUFHSWp OHV LPDJHV
/,'$5Light Detection and RangingRQWGHVDSSOLFDWLRQVSUDWLTXHVHQIRUHVWHULHQRWDPPHQW
SRXU O¶pWXGHGH ODVWUXFWXUHGH ODYpJpWDWLRQHVWLPDWLRQGHSDUDPqWUHV IRUHVWLHUV WHOVTXH OH
YROXPH OD KDXWHXU HW OH GLDPqWUH GHV WURQFV &H PRGH GH WpOpGpWHFWLRQ SUpVHQWH HQ RXWUH
O
DYDQWDJH G






XQ PRGqOH QXPpULTXH G¶pOpYDWLRQ O¶LPDJHULH /,'$5 SHUPHW G¶HVWLPHU OD KDXWHXU
GLIIpUHQWLHOOH GH FHUWDLQV REMHWV JpRJUDSKLTXHV HW SDU H[WHQVLRQ G¶HVWLPHU GHV YROXPHV GH
PDWLqUH OLJQHXVH FI WUDYDX[ GH * *DFKHW j O¶(3)/ $LQVL PrPH VL O
HVWLPDWLRQ GHV
YROXPHV Q
HVW SDV ORFDOHPHQW WRXMRXUV GH ERQQH TXDOLWp HOOH SHUPHW GH UHQGUH FRPSWH
JpRJUDSKLTXHPHQW GHV VRXUFHV SOXV RXPRLQV SURGXFWLYHV j O
pFKHOOH GpSDUWHPHQWDOH &HWWH
>«@ DSSURFKH SHUPHW DLQVL GH YLVXDOLVHU R VH VLWXHQW SUpIpUHQWLHOOHPHQW OHV ]RQHV GH IRUW












GHV PRGHV GH JHVWLRQ TXL \ VRQW DVVRFLpV YRQW GpSHQGUH GHV TXDQWLWpV SOXV RX PRLQV
LPSRUWDQWHV GH ERLV pQHUJLVDEOH HW GH SODTXHWWHV IRUHVWLqUHV /D SUHPLqUH pWDSH GH QRWUH
PRGpOLVDWLRQ HVW GRQF GH FDUDFWpULVHU FHV HVSDFHV SURGXFWHXUV j O
pFKHOOH GH QRV WHUUDLQV
G
pWXGH &HV HVSDFHV SHXYHQW rWUH GpILQLV SDU XQ FHUWDLQ QRPEUH GH SDUDPqWUHV  VXUIDFH







R SDU H[HPSOH O
,QYHQWDLUH )RUHVWLHU1DWLRQDO QH GLVSRVH TXH GH GRQQpHV VXU OHV HVSDFHV
IRUHVWLHUV 'DQV OH FDGUH GH QRWUH SURWRFROH QRXV DERUGRQV GDQV XQ SUHPLHU WHPSV OD










FRQQDvWUH HW GH ORFDOLVHU OH SRWHQWLHO OLJQHX[ JOREDO SRXU HQVXLWH PRGpOLVHU OHV
DSSURYLVLRQQHPHQWV

&HWWH UXEULTXH HVW DLQVL FRQVDFUpH j O








GHERLVELRPDVVHHW DXWUHVSURGXLWV OLJQHX[G¶XQH IRUrW HVWGHPHVXUHUSUpFLVpPHQW FKDTXH
DUEUHGH IDoRQ LQGLYLGXHOOH«1pDQPRLQVSRXUGHV UDLVRQV WHFKQLTXHVHW pFRQRPLTXHVXQH
WHOOHHQWUHSULVHV¶DYqUHLUUpDOLVDEOHVDXIVXUGHVSRUWLRQVERLVpHVWUqVUHVWUHLQWHV:HVW
3RXUSDOOLHUFHSUREOqPHGHVPpWKRGHVG¶LQYHQWDLUHVRQWpWpPLVHVDXSRLQW(OOHVVHEDVHQW
VXU GHV PHVXUHV LQGLYLGXHOOHV G¶DUEUHV VXU GHV SODFHV G¶LQYHQWDLUHV UHSUpVHQWDWLYHV G¶XQH
PrPHVWUDWHDUERUpH/¶,QYHQWDLUH)RUHVWLHU1DWLRQDOHVWDLQVLODSULQFLSDOHVRXUFHGHGRQQpHV













DXWUHV GRQQpHV DFKHWpHV j O¶,)1 QRXV UHQVHLJQHQW GH IDoRQ SOXV SUpFLVH VXUOHV SRLQWV
G¶LQYHQWDLUHVOHYpV













GHV LQYHQWDLUHV GpSDUWHPHQWDX[ DYHF XQH SpULRGLFLWp G
HQYLURQ  DQV$X ILO GX WHPSV FHV
PpWKRGHVG
LQYHQWDLUHEDVpHVVXUGHVpFKDQWLOORQVVWUDWLILpVGHSRLQWVRQWpYROXpSRXUDERXWLU
GDQV OHV DQQpHV  j OD PpWKRGH GLWH FDUWRJUDSKLTXH TXL HVW FHOOH TXH QRXV XWLOLVRQV
DFWXHOOHPHQWELHQTXHOHVPpWKRGHVG
LQYHQWDLUHVDLHQWUpFHPPHQWpYROXpVXLWHjODWHPSrWH

















HQYLURQjSDUGpSDUWHPHQWFDUDFWpULVpVSDUGLIIpUHQWVDWWULEXWV  UpJLRQ IRUHVWLqUH
FDWpJRULHGHSURSULpWpHW W\SHGHIRUPDWLRQYpJpWDOH&HWWHGHUQLqUHFRXFKHpWDLWGpILQLHHQ
WHQDQW FRPSWH GH GLIIpUHQWHV FDUDFWpULVWLTXHV FRPPH OD FRXYHUWXUH GX VRO >«@ OH UpJLPH
V\OYLFROHHWODFRPSRVLWLRQGHVHVVHQFHV>«@3DUODVXLWHXQpFKDQWLOORQQDJHVWUDWLILpjGHX[
SKDVHV pWDLW SUDWLTXp GDQV FHV GRPDLQHV  G
DERUG XQH SKRWRLQWHUSUpWDWLRQ G
XQ pFKDQWLOORQ
V\VWpPDWLTXHGHSRLQWVVXUSKRWRJUDSKLHVDpULHQQHVSXLVGHVREVHUYDWLRQVHWGHVPHVXUHVVXU
GHV SODFHWWHV FLUFXODLUHV FHQWUpHV VXU XQ VRXVpFKDQWLOORQ VWUDWLILp GH SRLQWV UHFRQQDLVVDQFH
GHVIRUPDWLRQVHWOHYHU%HORXDUG(QUpVXPpOHVSKDVHVGHWUDYDLOVRQWOHVVXLYDQWHV
x  /D SKDVHFRPSUHQDLW XQ VRQGDJH V\VWpPDWLTXH RX SVHXGRV\VWpPDWLTXH GH SRLQWV
XQLIRUPpPHQWUpSDUWLVGDQVOHWHUULWRLUHLQYHQWRULpXQHSKRWRLQWHUSUpWDWLRQGHVIRUPDWLRQVj
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x  /D SKDVHYLVDLW j VpOHFWLRQQHU GHV SRLQWV GH SKDVH  LQWHUFHSWDQW XQH IRUPDWLRQ j
LQYHQWRULHUHWjHIIHFWXHUXQVRQGDJHjTXDWUHGHJUpVHQFDVGHPHVXUHG¶DUEUHVDYHF
x XQHGHVFULSWLRQGH OD IRUPDWLRQHWGH OD VWDWLRQ VWUXFWXUH FRPSRVLWLRQHQHVVHQFHV










LQYHQWDLUH FRPSUHQDLW GRQFXQ VRQGDJHSDU SRLQWV HW QRQSDU
DUEUHV RX SDU SDUFHOOHV GRQW OHV SRSXODWLRQV VRQW PpFRQQXHV RX HQFRUH SDU XQLWpV
FDUWRJUDSKLpHVDEVHQWHVDXGpEXWGHO
,)1/HVSRLQWVpWDLHQWpFKDQWLOORQQpVGDQVXQHVSDFH
ELGLPHQVLRQQHO FRQWLQX SODQ GH OD SURMHFWLRQ FDUWRJUDSKLTXH HW OHV YDULDEOHV H[WHQVLYHV
VXUIDFHVYROXPHVDFFURLVVHPHQWVHWFpWDLHQWHVWLPpHVSDUVRPPDWLRQSRQGpUpHGHVYDOHXUV
PHVXUpHV VXU OHV SRLQWV GH VRQGDJH 3OXV SUpFLVpPHQW OHV GHQVLWpV VXUIDFLTXHV RX


















LQYHQWDLUH GpSDUWHPHQWDO GDWDQW GH HW GRQW OHVPRGDOLWpVG
XWLOLVDWLRQ HW G
H[SORLWDWLRQ
VRQW GpILQLHV GDQV XQH FRQYHQWLRQ QRXV LQWHUGLVDQW HQWUH DXWUHV GH QRXV UHQGUH VXU OHV
SODFHWWHV G
LQYHQWDLUH 6HORQ 6 /XFDV ,)1 LO OHXU pWDLW LPSRVVLEOH GH QRXV IRXUQLU GHV
GRQQpHV VWDWLVWLTXHV SDU SRO\JRQHV GLUHFWHPHQW H[SORLWDEOHV GDQV XQ 6,* OD FRQGLWLRQ sine
qua non pWDQW TXH OHV SRO\JRQHV GHYDLHQW rWUH GH WDLOOH FRQVpTXHQWH HW FRPSUHQGUH DX
PLQLPXP  SRLQWV G
LQYHQWDLUH FH TXL Q
pWDLW SDV QRWUH FDV 3RXU OHV GRQQpHV
FDUWRJUDSKLTXHV LO Q
pWDLW SRVVLEOH G
DYRLU TXH GHV GRQQpHV GH VXSHUILFLH2U FHV GHUQLqUHV
SHXYHQW rWUH HVWLPpHV j SDUWLU GHV GRQQpHV GLVSRQLEOHV HQ OLJQH 'HV GRQQpHV EUXWHV VRQW
pJDOHPHQWWpOpFKDUJHDEOHVHQOLJQHPDLVOHVGRQQpHV[\VRQWIORXWpHVGDQVXQLQWHUYDOOHGH
SOXVRXPRLQVPqWUHVVRXUFH&&KDXYLQ&HPDJUHIFHTXLHVWODUJHPHQWVXSpULHXUj
O¶LPSUpFLVLRQ LQWULQVqTXH GHV GRQQpHV GH  O¶LQWHUYDOOH IORX pWDQW G¶HQYLURQ P OHV
GRQQpHVpWDQWLPSUpFLVHVSDUQDWXUH

/HV GRQQpHV IRXUQLHV VRQW VFLQGpHV HQ GHX[ FDWpJRULHV DYHF G












pFKHOOH GH QRV GHX[ WHUUDLQV G
pWXGH QRXV GLVSRVRQV  G
LQIRUPDWLRQV VXU  SRLQWV
G
LQYHQWDLUHV GRQW  SRXU OH 3D\V /RXH/LVRQ HW  SRXU OD &RPPXQDXWp
G




LQYHQWDLUHx GHV FRRUGRQQpHV DEVFLVVHV HW RUGRQQpHV SHUPHWWDQW O
LPSRUWDWLRQ GHV GRQQpHV GDQV
XQV\VWqPHG
LQIRUPDWLRQJpRJUDSKLTXHHQYXHGHOHXUORFDOLVDWLRQx GHV LQIRUPDWLRQV VXU O
XVDJHGX VRO VFLQGpHVHQ WURLV FDWpJRULHV IRUrWGHSURGXFWLRQ
OHYpH IRUrWGHSURGXFWLRQQRQ OHYpHHWDXWUH IRUrW  VHXOV OHVSRLQWVG
LQYHQWDLUHHQ




LQYHQWDLUHGDQV OH3D\V/RXH/LVRQHWGDQV OD&$*%FI ILJXUHVXU OHV
SODFHWWHVG
LQYHQWDLUH




PDUJLQDOHHWFx XQFRGHGHVWUXFWXUHIRUHVWLqUHIXWDLHUpJXOLqUHLUUpJXOLqUHWDLOOLVHWFx GHX[ W\SHV GH FRGHV G
H[SORLWDELOLWp  O
XQ FRQFHUQDQW O
DFFHVVLELOLWp SDU UDSSRUW DX[
GLVWDQFHV GH GpEDUGDJH HW j OD SUpVHQFH G












8Q H[WUDLW GHV GRQQpHV EUXWHV GpSRXUYXHV G





'HV LQIRUPDWLRQV VXU OHV FDUDFWpULVWLTXHV GHQGURPpWULTXHV GHV DUEUHV YLIV VRQW GLVSRQLEOHV
XQLTXHPHQW SRXU OHV SRLQWV G
LQYHQWDLUH D\DQW IDLW O
REMHW GH UHOHYpV GH WHUUDLQ
DSSUR[LPDWLYHPHQW  GHV SRLQWV G








/H ©SRLGV VWDWLVWLTXHª GH O¶DUEUH FRUUHVSRQG TXDQW j OXL j VRQ H[WHQVLRQ HQ QRPEUH j
O¶KHFWDUH(QVRPPDQWFHVSRLGVVWDWLVWLTXHVSRXUXQPrPHSRLQW&33FHODSHUPHWG
DYRLU
XQH HVWLPDWLRQ GX QRPEUH JOREDO GH WLJHV UHFHQVDEOHV j O¶KHFWDUH VXU FH SRLQW &HV
LQIRUPDWLRQV QRXV LQWpUHVVHQW SDUWLFXOLqUHPHQW 7RXW FRPPH OHV GRQQpHV SDU SODFHWWH
G
LQYHQWDLUHOHVGRQQpHVGHQGURPpWULTXHVVHSUpVHQWHQWVRXVIRUPHGHWDEOHXUFIDQQH[HV
/H OLHQ HQWUH OHV GRQQpHV SDU SODFHWWHV HW OHV GRQQpHV GHQGURPpWULTXHV VH IDLW via OHV


















/D  FDUWRJUDSKLH IRUHVWLqUH GH O¶,)1 DFFHVVLEOH YLD O¶XUO KWWSZZZLIQIUVSLS"UXEULTXH











&HOOHFL VH FDUDFWpULVH SDU SOXVLHXUV DWWULEXWV FRXYHUW IRUHVWLHU SURSULpWp IRUHVWLqUH
GpSDUWHPHQWDOH UpJLRQV IRUHVWLqUHV GpSDUWHPHQWDOHV HW W\SHV IRUHVWLHUV GpSDUWHPHQWDX[
ILJXUH  &H GHUQLHU DWWULEXW VH SUpVHQWH VRXV OD IRUPH G¶XQH WUHQWDLQH GH FODVVHV GH
IRUPDWLRQV YpJpWDOHV GLIIpUHQWHV HW QRXV LQWpUHVVH SDUWLFXOLqUHPHQW FDU LO YD QRXV VHUYLU GH






 $X  QRYHPEUH  OD )UDQFKH&RPWp HVW HQ HIIHW HQFRUH FDUDFWpULVpH SDU OD SUHPLqUH YHUVLRQ GH OD
FDUWRJUDSKLHIRUHVWLqUH






&RQFHUQDQW OHV OLPLWHV GH FHV GRQQpHV QRXV SRXYRQV G¶RUHV HW GpMj pPHWWUH GHV UpVHUYHV
QRWDPPHQWSDUUDSSRUWjO¶H[KDXVWLYLWpGHVHVSDFHVWUDLWpVHWDX[LPSUpFLVLRQVGHVGRQQpHV




x /¶DXWUH SRLQW GH UpVHUYH FRQFHUQH O
H[KDXVWLYLWp HW OD SUpFLVLRQ GHV GRQQpHV VWDWLVWLTXHV
UpVXOWDQWGHVPpWKRGHVGHFROOHFWHpFKDQWLOORQQDJHHWGH O¶KpWpURJpQpLWpGH OD UHVVRXUFH















x 0DLV FH TXL V
DYqUH OH SOXV SUREOpPDWLTXH GDQV QRWUH FDV F
HVW O
LPSUpFLVLRQ VSDWLDOH
LQWULQVqTXH GHV SRLQWV LQYHQWRULpV GDQV XQ LQWHUYDOOH GH PqWUHV SRXU OHV LQYHQWDLUHV
GDWDQW GH  VRXUFH  & &KDXYLQ &HPDJUHI HW GH  PqWUHV SRXU OHV GRQQpHV
G
LQYHQWDLUHSOXVUpFHQWHVGLVSRQLEOHVVXU,QWHUQHW&HTXLSRVHGHVSUREOqPHVSRXUODPLVH
HQ UHODWLRQ DYHF O
LPDJHULH VDWHOOLWDLUH O
REMHFWLI pWDQW G
pWDEOLU XQH FRUUHVSRQGDQFH HQWUH
GHVGRQQpHVGHQGURPpWULTXHVHWGHYDOHXUVG
LQGLFHVGHYpJpWDWLRQFIILJXUH
x 'H SOXV OHV GRQQpHV YROXPpWULTXHV IRXUQLHV SDU O¶,)1 FRQFHUQHQW OH ©ERLV IRUWWLJHª
F
HVWjGLUH OHYROXPHJpRPpWULTXHGH OD WLJHDUUrWp j ODGpFRXSHERLV IRUWG¶XQGLDPqWUH
PLQLPXP GH  FP FI ILJXUH  &
HVW OD UDLVRQ SRXU ODTXHOOH QRXV DYRQV WUDYDLOOp HQ
FROODERUDWLRQDYHFOHODERUDWRLUH&KURQR(QYLURQQHPHQW805TXLDIDLWGHVUHOHYpV


















HQ SUDWLTXH OHV UpPDQHQWV QH VRQW SDV WRXMRXUV EUR\pV RX EUR\DEOHV SRXU GHV UDLVRQV GH
TXDOLWpGXFRPEXVWLEOHQRXVSDUWRQVGXSRVWXODWTXHFHVGHUQLHUVGRLYHQWrWUHFRPSWDELOLVpV
SRXU O¶HVWLPDWLRQ GHV SRWHQWLHOV HQ SODTXHWWHV IRUHVWLqUHV 8Q HQWUHWLHQ DYHF ) $GDP
VRFLpWp'DONLDDSDUDLOOHXUVUpYpOpTXHOHVVWUXFWXUHVLQWHUQHVGHVFKDXIIHULHVWHQGUDLHQWGH
SOXVHQSOXVjrWUHPRGLILpHVGHPDQLqUHjrWUHPRLQVH[LJHDQWHVDXQLYHDXGHODTXDOLWpGHV
FRPEXVWLEOHV FH TXL QRXV FRQIRUWH GDQV QRWUH SRVLWLRQ GH FRQVLGpUHU OHV EUDQFKHV HW SHWLWV
ERLV FRPPHJLVHPHQW SRWHQWLHO GHERLVpQHUJLH$ILQ G¶HVWLPHU DXPLHX[ FH FRPSDUWLPHQW
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2.2…. Mais très peu de données sur les espaces boisés non 




















VRQW ELHQ UHSUpVHQWpV QRWDPPHQW OHV DQFLHQV YHUJHUV GHV FRXURQQHV YLOODJHRLVHV  QRXV





HQTXrWH7HUXWL TXLGLVWLQJXDLW ODQDWXUHGH O
RFFXSDWLRQGX VRO DX WUDYHUV
G






GH FHV WDX[ GpSHQGDQW GH OHXU LPSRUWDQFH  XQ WKqPH UDUH Q
HVW SDV TXDQWLILp GH IDoRQ
SUpFLVH'HVLQIRUPDWLRQVSHXYHQWQpDQPRLQVrWUHDFTXLVHVviaO
LPDJHULHVDWHOOLWDOHx /HV KDLHV HW DOLJQHPHQWV G
DUEUHV pYDOXpV SDU O
,)1 VRQW YHQWLOpV VHORQ TXDWUH FODVVHV
IXWDLHPL[WH WDLOOLV DUEXVWLYH HW VRQW FDUDFWpULVpV XQH GHQVLWp VXUIDFLTXH SDUPDLOOH GH
NPðQpDQPRLQVFRPPHOHPRQWUHODILJXUHFHWWHGHUQLqUHSDUDvWIDLEOHHQ)UDQFKH
&RPWp HQ FRPSDUDLVRQ DYHF OD )UDQFH GH O













%LHQ TXH QRXV D\RQV SHX G







FLUFXLW FRXUW YLVDQW j YDORULVHU DXPLHX[ OHV UHVVRXUFHV ORFDOHV&HVJLVHPHQWV Q¶pWDQW SDV
FDUWRJUDSKLpV SDU O¶,)1 HW DXFXQH pWXGH Q¶D\DQW pWpPHQpH j O¶pFKHOOH UpJLRQDOH RX LQIUD
UpJLRQDOH VXU FHV W\SHV GH JLVHPHQWV QRXV OHV pWXGLHURQV via O¶LPDJHULH VDWHOOLWDOH HW
RUWKRSKRWRJUDSKLTXH HQ OHV LGHQWLILDQW SDU FODVVLILFDWLRQ HW HQ XWLOLVDQW GHV LQGLFHV GH
YpJpWDWLRQSRXUHVWLPHUOHXUELRPDVVHOLJQHXVH

2.3. Les indices de végétation, un indicateur pertinent pour la 





/¶XWLOLVDWLRQ GH OD WpOpGpWHFWLRQ HQ IRUHVWHULH HVW EDVpH VXU O¶pWXGH GH OD UpIOHFWDQFH GHV
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WUqV IDLEOH j XQ SODWHDX GH UpIOHFWDQFH SUqV GH  GH UpIOHFWDQFH /D SRVLWLRQ GH
O
LQIOH[LRQ OLHX R OD UpIOHFWDQFH DXJPHQWH EUXWDOHPHQW HVW YDULDEOH VHORQ OHV W\SHV GH
YpJpWDWLRQ '¶DXWUHV IDFWHXUV SHXYHQW pJDOHPHQW H[SOLTXHU OD YDULDELOLWp GHV UpSRQVHV
VSHFWUDOHVTXHFHVRLWjO¶pFKHOOHGHODIHXLOOHRXGXSHXSOHPHQWkJHpWDWSK\VLRORJLTXH















GH YDULDEOHV OHV LQGLFHV V
H[SULPHQW VHORQ XQ LQWHUYDOOH QXPpULTXH FKRLVL DUELWUDLUHPHQW HW
V
LOV FRQVHUYHQW XQH GLPHQVLRQ GH OXPLQDQFH FRPPH FHX[ UpVXOWDQW GH FRPELQDLVRQV
OLQpDLUHV GH EDQGHV VSHFWUDOHV OHXU VLJQLILFDWLRQ HVW QpDQPRLQV FHOOH G
XQH YDULDEOH
WKpPDWLTXH &DOR]  'DQV OH FDGUH GH FHV WUDYDX[ QRXV WUDYDLOOHURQV GRQF j SDUWLU

&1(6&HQWUH1DWLRQDOG¶eWXGHV6SDWLDOHV&(26Committee on Earth Observation Satellites
 Variable synthétique, numérique qui caractérise  l'intensité ou l'extension d'un phénomène trop complexe 















XQH YDOHXU GpULYpH GHV OXPLQDQFHV VSHFWUDOHV SRXU H[SULPHU XQH SURSULpWp GHV REMHWV GH OD
VXUIDFH WHUUHVWUH &DOR]/HFRXYHUWYpJpWDOTXLHVWXQREMHWG¶pWXGHSUpIpUHQWLHOHQ
WpOpGpWHFWLRQ D SDU FRQVpTXHQW GRQQp OLHX j XQ QRPEUH LPSRUWDQW G¶LQGLFHV GH YpJpWDWLRQ
SOXVRXPRLQVpODERUpVj ILQDOLWpVGLYHUVHVGHSXLV O¶HVWLPDWLRQGH ODPDVVHYpJpWDOHYHUWHj
O¶LQYHQWDLUHGH FXOWXUHV SDU VHJPHQWDWLRQGH O¶LQGLFH HQSDVVDQW SDU ODGHVFULSWLRQGH O¶pWDW








Difference Vegetation Index HQ UDLVRQ GH VD
WUqV ODUJH XWLOLVDWLRQ HW GH VRQ HPSORL




















/H1'9,SUpVHQWDQWXQH UHODWLRQDYHF ODGHQVLWpGHYpJpWDWLRQYHUWH FHOD DSRXU FRUROODLUH
XQH VDWXUDWLRQ j PHVXUH TXH FHWWH GHUQLqUH DXJPHQWH GH VRUWH TXH VD VHQVLELOLWp HVW




UDWLR HVW LPSRUWDQWH SOXV O
DFWLYLWp SKRWRV\QWKpWLTXH HVW LQWHQVH 6HOOHUV  :HLHU HW
+HUULQJ




















$XWUH LQGLFDWHXU IUpTXHPPHQWXWLOLVp O¶LQGLFHGHVXUIDFH IROLDLUH Leaf Area Index, LAIHVW
XQHJUDQGHXUVDQVXQLWpH[SULPDQWODVXUIDFHGHIHXLOOHVSDUXQLWpGHVXUIDFHDXVROHWSUpVHQWH
GHV UHODWLRQV pYLGHQWHV DYHF OD SURGXFWLYLWp %UHGD  ,O HVW DLQVL XWLOLVp SRXU pYDOXHU
HQWUH DXWUHV O¶pWDW GH VDQWp G¶XQH IRUrW RX OD ELRPDVVH DpULHQQH ,O H[LVWH GHX[PR\HQV GH
PHVXUHU OH /$, PHVXUH GLUHFWH RX LQGLUHFWH /D PHVXUH GLUHFWH FRQVLVWH j ©FROOHFWHU OHV
UHWRPEpHVGH OLWLqUHj O¶DXWRPQHVXUGHVVXSHUILFLHVpFKDQWLOORQVFRQQXHVHWG¶HQpYDOXHURX
PHVXUHU OD VXUIDFH>«@ &HWWH PpWKRGH HVW QpDQPRLQV GHVWUXFWLYH HW ORXUGH j PHWWUH HQ
°XYUHª3RXUSDOOLHUFHSUREOqPHOHVVFLHQWLILTXHVXWLOLVHQW©GHVSKRWRJUDSKLHVSULVHVGXVRO
HQYLVpHYHUWLFDOHRXpYDOXHQW O¶DWWpQXDWLRQGH OD OXPLqUHSDU OHV IHXLOOHVHQFRPSDUDQWXQH
]RQH GpJDJpH HW XQH ]RQH GH IRUrWª &RPPLVVDULDW j O¶pQHUJLH DWRPLTXH HW DX[ pQHUJLHV
DOWHUQDWLYHV/jHQFRUHFHVGHX[PpWKRGHVSUpVHQWHQWGHV OLPLWDWLRQV LPSRUWDQWHVHQ
WHUPHV GH PLVH HQ °XYUH HW LPSOLTXHQW O¶XWLOLVDWLRQ GH PDWpULHO VSpFLILTXH DQDO\VHXUV GH
FRXYHUW(QILQ©ODWpOpGpWHFWLRQDpURSRUWpHRXVDWHOOLWDOHRXYUHXQHDXWUHYRLHSRVVLEOHGH
TXDQWLILFDWLRQ GH O¶LQGLFH IROLDLUH j SOXV JUDQGH pFKHOOH JUDQGH SDUFHOOH PDVVLI IRUHVWLHU
UpJLRQRXFRQWLQHQW HQpYDOXDQWDXGHVVXVGXFRXYHUW OD UpIOHFWDQFHGX IHXLOODJHGDQVGHV
JDPPHVGHORQJXHXUVG¶RQGHVVSpFLILTXHVHQODGLVWLQJXDQWGHODUpIOHFWDQFHSURSUHGXVROª
%UHGDFHTXLUHMRLQWG¶XQSRLQWGHYXHPpWKRGRORJLTXHOHSULQFLSHGHFRQVWUXFWLRQGH
OD JUDQGH PDMRULWp GHV LQGLFHV GH YpJpWDWLRQ 'H QRPEUHX[ PRGqOHV SK\VLTXHV RX VHPL
HPSLULTXHVGHWUDQVIHUWVUDGLDWLIVRQWpWpGpYHORSSpVDLQVLTXHGHVWHQWDWLYHVG¶HVWLPHUOH/$,











R 1'9, HVW O¶LQGLFH GH YpJpWDWLRQ QRUPDOLVp 1'9, HVW OD YDOHXU PD[LPDOH GX 1'9,
REVHUYp1'9,EDFNHVWODYDOHXUPLQLPDOHFRUUHVSRQGDQWjXQVROGpSRXUYXGHYpJpWDWLRQHW.
HVW XQ SDUDPqWUH G¶H[WLQFWLRQ FDUDFWpULVDQW O¶DEVRUSWLRQ GHV UDGLDWLRQV OXPLQHXVHV GDQV OD
FDQRSpHYpJpWDOH/¶HVWLPDWLRQGX/$,SDUWpOpGpWHFWLRQSDVVHDLQVLSDUO¶XWLOLVDWLRQG¶LQGLFHV
GH YpJpWDWLRQ PRLQV FRPSOH[HV 2U G¶XQ SRLQW GH YXH RSpUDWLRQQHO %DULRX HW DO 
HVWLPHQWTX¶LOHVWVRXYHQWSOXVDYDQWDJHX[GHV¶DSSX\HUVXUXQLQGLFHVLPSOHGRQWRQFRQQDvW
OHVOLPLWHVTXHVXUXQLQGLFHFRPSOH[HPDLVVXMHWjGHVLQIOXHQFHVGLIILFLOHVjHVWLPHU©OHV
QXDQFHV TXH OHV DXWHXUV RQW SDUIRLV YRXOX DSSRUWHU VRQW VRXYHQW ©RFFXOWpHVª SDU OH EUXLW
VWDWLVWLTXHTXLDIIHFWHO¶LPDJHª&DOR]&¶HVWSRXUTXRLQRXVDYRQVFKRLVLGHWUDYDLOOHU












&RQFHUQDQW OH FKRL[ GH O
LPDJH VDWHOOLWDOH QRXV DYRQV RSWp SRXU XQH LPDJH /DQGVDW 






O¶DYDQWDJH GH OD FRPSDUDELOLWp pWDQW GRQQp TXH OD JUDQGH PDMRULWp GHV pWXGHV SRUWDQW VXU
O¶HVWLPDWLRQGH ODELRPDVVHRXGHVYROXPHV OLJQHX[HQ IDLVDQW LQWHUYHQLU OD WpOpGpWHFWLRQ VH
EDVHQWVXUGHVLPDJHV/DQGVDW

/¶LQVWUXPHQWDWLRQ HPEDUTXpH HVW XQ UDGLRPqWUH 7KHPDWLF0DSSHU FDSWHXU HIIHFWXDQW GHV
PHVXUHVGDQVVHSWFDQDX[SRXUXQHUpVROXWLRQVSDWLDOHGHPPHQSDQFKURPDWLTXH





%DQGH %DQGHVSHFWUDOH 5pVROXWLRQ 8WLOLVDWLRQ
 P P[P 'LIIpUHQFLDWLRQVROYpJpWDX[]RQHVF{WLqUHV
 P P[P 9pJpWDWLRQ
 P P[P 'LIIpUHQFLDWLRQGHVHVSqFHVYpJpWDOHV
 P P[P %LRPDVVH
 P P[P 'LIIpUHQFLDWLRQQHLJHQXDJH
 P P[P 7KHUPLTXH
 P P[P /LWKRORJLH
7DEOHDXFDUDFWpULVWLTXHVGHVFDSWHXUV/DQGVDW70
6RXUFH(2(GX
/H UHFRXUV j FHV GHX[ W\SHV GH GRQQpHV FDUDFWpULVWLTXHV GHQGURPpWULTXHV HW VLJQDWXUHV











x HQYLURQQHPHQWDOHVRQQHSHXWSDVSUpOHYHUSOXVGHPDWLqUHOLJQHXVHTX¶LOQHV¶HQSURGXLWx WHFKQLFRpFRQRPLTXHV FHUWDLQHV ]RQHV VRQW GLIILFLOHPHQW H[SORLWDEOHV GX IDLW GH OD
WRSRJUDSKLHDFFLGHQWpHRXG¶XQHPDXYDLVHDFFHVVLELOLWp¬WLWUHG¶H[HPSOHODWRSRJUDSKLH





SRUWDQW VXU OHV PRGDOLWpV G
















'pILQLU XQH UpJXODULWp HW XQH SpUHQQLWp GH O
DSSURYLVLRQQHPHQW HQ ERLVpQHUJLH SDVVH SDU
O
HVWLPDWLRQ GX ERLV GLVSRQLEOH *RXGHW  /D GpWHUPLQDWLRQ GH OD ELRPDVVH OLJQHXVH
FRQVWLWXH DLQVL  OD SUHPLqUH pWDSH GH QRWUH SURWRFROH 'DQV OH FDGUH GH FHV WUDYDX[ QRXV







XQ REVWDFOH SRXU OHV FKHUFKHXUV OHV JRXYHUQHPHQWV HW OHV LQGXVWULHOV VXU OHV SODQV
VFLHQWLILTXHV SROLWLTXHV RX pFRQRPLTXHV 5HQDXG  (W FRPPH RQ QH SHXW
PDWpULHOOHPHQW SDV PHVXUHU FKDTXH DUEUH VXU OH WHUUDLQ LO IDXW V
HPSOR\HU j WURXYHU XQH
PpWKRGH SHUPHWWDQW G
H[WUDSROHU GHV YROXPHV OLJQHX[ HQ FRQFLOLDQW OD SUpFLVLRQ VSDWLDOH
GpVLUpH HQ WHUPHV GH YROXPpWULH HW GH ORFDOLVDWLRQ O
H[WHQVLRQ JpRJUDSKLTXH j FRXYULU OH









YLVHU VRLW j FRQQDvWUH FHUWDLQV SDUDPqWUHV GH FKDTXH DUEUH VRLW j FRQQDvWUH GHV YDOHXUV
PR\HQQHV FHWWH GHUQLqUH DSSURFKH pWDQW OD SOXV SUDWLTXH GDQV OH FDV G
XQH pYDOXDWLRQ



















HW SRXU OHVTXHOOHV QRXV DYRQV GHV LQIRUPDWLRQV &H W\SH GH PpWKRGRORJLH EDVpH VXU OD








5DYDQ  *RQ]DOHV$OIRQVR HW DO  0lNHOD HW 3HNNDULQHQ  :DUUHQ HW DO
 %LHQ TXH SUpVHQWDQW FHUWDLQHV OLPLWHV LQKpUHQWHV QRWDPPHQW DX ELDLV GH O¶LPDJHULH
VDWHOOLWDLUH HW j OD SUpFLVLRQ GHV FDUDFWpULVWLTXHV GHQGURPpWULTXHV FHWWH PpWKRGH Q¶D






UHODWLRQ HQWUH GHV UpVXOWDWV G¶LQYHQWDLUH GRQQpHV GLVFUqWHV UHOHYpV GHQGURPpWULTXHV DX[
SRLQWV G
LQYHQWDLUH FDUWRJUDSKLH GHV W\SHV GH IRUPDWLRQV IRUHVWLqUHV HW GHV GRQQpHV GH
WpOpGpWHFWLRQ /
XWLOLVDWLRQ GH OD WpOpGpWHFWLRQ SUHQG WRXW VRQ VHQV GDQV OD PHVXUH R HOOH
SHUPHW G
DFFpGHU j XQH HVWLPDWLRQGH OD UpSDUWLWLRQGHV SHXSOHPHQWV SOXV FRPSOqWH HW SOXV






/HV LQIRUPDWLRQV LVVXHV GX FRXSODJH HQWUH GRQQpHV G¶LQYHQWDLUH FDUWRJUDSKLH IRUHVWLqUH HW
LQIRUPDWLRQVVDWHOOLWDLUHVSHXYHQWWKpRULTXHPHQWQRXVSHUPHWWUHG
REWHQLUGHVLQIRUPDWLRQVVXU






 0lNHOD HW 3HNNDULQHQ  /D YDOHXU GX FRHIILFLHQW GH GpWHUPLQDWLRQ YDULH
QpDQPRLQV VHQVLEOHPHQW VHORQ OHV HVSqFHV OLJQHXVHV OD SUpFLVLRQ GHV GRQQpHV
GHQGURPpWULTXHV HW OD TXDOLWp GH O¶LPDJH VDWHOOLWH FRXYHUW QXDJHX[ LQWHUIpUHQFHV
DWPRVSKpULTXHVHWF

,O IDXW GRQF DYRLU FRQVFLHQFH GHV ELDLV SRXYDQW rWUH LQGXLWV SDU OHV LPDJHV VDWHOOLWDOHV
LPSUpFLVLRQV OLpHV j OD VLJQDWXUH VSHFWUDOH GHV REMHWV QRWDPPHQW GDQV XQ PLOLHX DXVVL
FRPSOH[HTXHODIRUrW'HSOXVFHVGRQQpHVQHVRQWSDVSUpFLVHVHQFHTXLFRQFHUQHOHVW\SHV

















FRQVFLHQFH GHV DSSUR[LPDWLRQV GHV GRQQpHV G¶LQYHQWDLUH TXH FH VRLW DX QLYHDX GH OD
JpRORFDOLVDWLRQ LPSUpFLVHV GDQV XQ LQWHUYDOOH GH SOXV RX PRLQV  PqWUHV RX GHV ELDLV
LQKpUHQWVDX[PpWKRGHVG¶pFKDQWLOORQQDJH
x 1RXVDYRQVGRQFG¶XQHSDUWGHVGRQQpHVGHO¶,)1DYHF
o8QH FDUWRJUDSKLH IRUHVWLqUH UpVXOWDQW GH FDPSDJQHV GH WHUUDLQ HW GH SKRWR
LQWHUSUpWDWLRQQRXVGRQQDQWGHVLQIRUPDWLRQVVXUOHVVWUXFWXUHVIRUHVWLqUHV
oGHVUHOHYpVGHQGURPpWULTXHVREWHQXVSDUpFKDQWLOORQQDJHVWUDWLILpSRXYDQWGpMj
QRXV SHUPHWWUH GH IRXUQLU OH YROXPH PR\HQ HQ PKD SRXU FKDTXH W\SH GH
VWUXFWXUHIRUHVWLqUHRXVWUDWLILFDWLRQpFKDQWLOORQQp&HODVXSSRVHQpDQPRLQVGH








GHQGURPpWULTXHV )UDQNOLQ  5R\ HW 5DYDQ  -DNXEDXVNDV HW 3ULFH 
)RRG\HW DO $LQVL O
HVWLPDWLRQGH ODELRPDVVHSHXW VH IDLUH jSDUWLU GH OD UHODWLRQ
HQWUH OH YROXPHRX O
XQGH VHV LQGLFDWHXUV HW XQ LQGLFHGXPLOLHX /HORQJ  FLWp LQ
*RXGHW
,OFRQYLHQWGHSUpFLVHUTXHOHVFKHUFKHXUVD\DQWWURXYpGHVFRUUpODWLRQVVLJQLILFDWLYHVHQWUHOHV
VLJQDWXUHV VSHFWUDOHV HW OHV YROXPHV OLJQHX[ WUDYDLOOHQW SRXU OD SOXSDUW VXU GHV ]RQHV
VSDWLDOHPHQWWUqVUHVWUHLQWHVRXGDQVGHVSHXSOHPHQWVVSpFLILTXHVHWjSDUWLUGHOHXUVSURSUHV
GRQQpHVGH WHUUDLQ6HXO*RQ]DOHV$OIRQVRHWDO  WURXYHQWGH WUqVERQQHVFRUUpODWLRQV
HQWUHOHVGRQQpHVG¶LQYHQWDLUHIRUHVWLHUHVSDJQROHWOH1'9,jO¶pFKHOOHQDWLRQDOH(Q)UDQFH
QRXV Q¶DYRQV SDV FRQQDLVVDQFH GH O¶DSSOLFDWLRQ G¶XQ WHO SURWRFROH GRQW OH EXW VHUDLW OD
FRQVWUXFWLRQ G









La stratification dépend principalement de la densité et relativement de la hauteur%HQFKHULI
Éléments de méthode pour la modélisation des approvisionnements et la quantification des potentiels énergisables 
_________________________________________________________________________________  







LQYHQWDLUHHW WpOpGpWHFWLRQ UpSRQG WRXWj IDLWjGHV
SUREOpPDWLTXHV G
DSSUpFLDWLRQ GHV YROXPHV OLJQHX[ JOREDX[ j O
pFKHOOH GH QRV WHUULWRLUHV
G
pWXGH VRXV UpVHUYH ELHQ HQWHQGX G¶REWHQLU GHV FRUUpODWLRQV VXIILVDQWHV SRXU rWUH












x FRQQDvWUH OD ELRPDVVH DpULHQQH OLJQHXVH DLQVL TXH OHV FDUDFWpULVWLTXHV GHV SHXSOHPHQWV
kJH GLDPqWUH GHV WLJHV HVVHQFHV FURLVVDQFH HWF DILQ G



















WHFKQLFRpFRQRPLTXHV HW OHV SUREOqPHV LQKpUHQWV j OHXU LQWpJUDWLRQ GDQV OH PRGqOH HQ
O










/D VLWXDWLRQ HVW G
DXWDQW SOXV FRPSOH[H TX
HQ WHUPH G
XVDJHV FRQFXUUHQWV VXU OD PDWLqUH
IRUHVWLqUHRQFRQVWDWHTXH OHV FRPSDUWLPHQWVERLVG
LQGXVWULHHWERLVpQHUJLH  VH UHFRXYUHQW
WUqV IRUWHPHQW HW V
HQWUHFURLVHQW HQ IRQFWLRQ GH OD ORJLTXH pFRQRPLTXH GX PDUFKp GH
WULWXUDWLRQDYHFXQH WUqV IRUWHYDULDELOLWpGH O
XVDJHHQ IRQFWLRQGH OD VWUXFWXUHGHVSUL[ OLpH
DX[FRQGLWLRQVGHPDUFKpGXVHFWHXUSDQQHDXSDSLHU%RLWWLQHWDO
,O V¶DJLW HQ O¶RFFXUUHQFH GX ERLV GH FKDXIIDJH XWLOLVp SDU OHVPpQDJHV VRXV IRUPH GH ERLV
EFKHVHWGXERLVG¶°XYUHERLVG¶LQGXVWULH&HVGpERXFKpVQHGHYDQWSDVrWUHSpQDOLVpV OD
PDWLqUH OLJQHXVHPRELOLVDEOH GRLW VH VLWXHU DX QLYHDX GH SHXSOHPHQWV RX GH FRPSDUWLPHQWV








SDUOHU /D SURSRUWLRQ GH ERLV IRUW WLJH PRELOLVDEOH SRXU O




SRXU OH FKDXIIDJH GX VHFWHXU GRPHVWLTXH HVW WUqV GpOLFDWH HQ UDLVRQ GH O¶DEVHQFH GH
VWDWLVWLTXHV UpJXOLqUHV HW H[KDXVWLYHV VXU OD SURGXFWLRQ RX OD YHQWH GH ERLV GH FKDXIIDJH
0LQLVWqUHGHO¶eFRORJLHGX'pYHORSSHPHQWGXUDEOHGHV7UDQVSRUWVHWGX/RJHPHQW/HV
HQTXrWHV ORJHPHQW GH O¶,16(( RX O¶HQTXrWH &(5(1  VXU OD UpJLRQDOLVDWLRQ GX ELODQ ERLV
SHXYHQW GRQQHU GHV LQIRUPDWLRQV VXU OD FRQVRPPDWLRQ GX VHFWHXU GRPHVWLTXH ,O V¶DJLW

KWWSZZZVWDWLVWLTXHVGHYHORSSHPHQWGXUDEOHJRXYIUDUWLFOHSKS"LGBDUWLFOH 




GH FRPPRGLWp HW HQ UDLVRQ GH OD FRPSOH[LWp GHV FLUFXLWV G
DSSURYLVLRQQHPHQW VRXYHQW
LQIRUPHOV ©OD SURGXFWLRQ GH ERLVpQHUJLH HVW FRQVLGpUpH FRPPH pWDQW pJDOH j VD
FRQVRPPDWLRQ FH TXL UHYLHQW j FRQVLGpUHU TXH OHV YDULDWLRQV GH VWRFNV HW OH VROGH LPSRUW
H[SRUW VRQWQpJOLJHDEOHVª¬FHODV¶DMRXWH ODSUREOpPDWLTXHGH O¶DIIRXDJHHQFRUHSUDWLTXpH
GDQV OHV FRPPXQHV IRUHVWLqUHV HW SRXU OHVTXHOOHV QRXV Q¶DYRQV DXFXQH LQIRUPDWLRQ













XQH ]RQH j SDUWLU GX QRPEUH G
XQLWpV GH FRQVRPPDWLRQ HVWLPpHV j SDUWLU GX QRPEUH GH
PpQDJHV HW GH OD FRPSDUHU DX[ UHVVRXUFHV PRELOLVDEOHV j O











DSSDUHPPHQWSRXU OHV VHFWHXUV LQGXVWULHO HW FROOHFWLI&HWWH HVWLPDWLRQHVW jSUHQGUH
DYHF UHFXO(Q HIIHW RQ HVWLPHSDU DLOOHXUV TXH OD FRQVRPPDWLRQPR\HQQH G
XQPpQDJH VH
FKDXIIDQWDXERLVEFKHHVWGHVWqUHVDQ  $VVRFLDWLRQGHV UpJLRQVIUDQoDLVHVGX*UDQG
(VW &H TXL YRXGUDLW GLUH TXH OH ERLV EFKH FRQVRPPp HQ )UDQFKH&RPWp SDU OH VHFWHXU
GRPHVWLTXHPLOOLRQVGHWRQQHVUHSUpVHQWHHQYLURQPpQDJHVVHFKDXIIDQWDX
ERLV FH TXL SDUDLW WUqV pOHYp DX UHJDUG GHV PpQDJHV UHFHQVpV GDQV OD UpJLRQ1RXV
VRPPHVLFLXQHIRLVGHSOXVGHYDQWXQHLQFHUWLWXGHWUqVODUJH/HVSURSRUWLRQVGHERLVEFKH
HW GH SODTXHWWHV IRUHVWLqUHV GLIIqUHQW VHORQ OHV FDUDFWpULVWLTXHV ORFDOHV UXUDOLWp QRPEUH
G
XQLWpV GH FRQVRPPDWLRQ QRPEUH HW SXLVVDQFH GHV FKDXIIHULHV FROOHFWLYHV HWF 6HORQ OHV
&RPPXQHV)RUHVWLqUHV OD FRQVRPPDWLRQGHERLV EFKH  GX3D\V/RXH/LVRQ HVW GH
























6HORQ0HZWRQ ©OHV FULWqUHVGH UpIDFWLRQ WHFKQLTXH VRQW OHVFRQWUDLQWHVSK\VLTXHV
WHFKQLTXHVRXVRFLRpFRQRPLTXHVTXLUHQGHQWGLIILFLOHYRLUHLPSRVVLEOHO¶H[SORLWDWLRQGHOD

















SHWLWH WDLOOH LVVXHV GH OD SURSULpWp SULYpH DXURQW XQ SRWHQWLHO WKpRULTXH LPSRUWDQW PDLV XQ
SRWHQWLHOHIIHFWLIH[WUrPHPHQWIDLEOHHQUDLVRQGHO¶DEVHQFHGHSRVVLELOLWpGHJHVWLRQVDXIVL









XQH RSWLTXH GH PRGpOLVDWLRQ TXL QH VRLW SDV RULHQWpH VXU OH FRPSRUWHPHQW GHV DJHQWV (Q










Éléments de méthode pour la modélisation des approvisionnements et la quantification des potentiels énergisables 
_________________________________________________________________________________  












x /HV FRQGLWLRQV G

































RUHVHWGpMjpWpPLVHQpYLGHQFHGDQV ODUpJLRQHW OHVFRQVpTXHQFHVVXU ODYLDELOLWpGHV
UHVVRXUFHV OLJQHXVHV FRPPHQFHQW j VH IDLUH UHVVHQWLU  DSSDXYULVVHPHQW GHV VROV HW GHV
HVSqFHVQRWDPPHQW &HFULWqUHQ
pWDQWSDV UHQVHLJQpjQRWUHFRQQDLVVDQFH LO VHUDSDV
SULVHQFRPSWH
x /D WRSRJUDSKLH HW SOXV SDUWLFXOLqUHPHQW OD SHQWH MRXHQW XQ U{OH UpSXWp PDMHXU GDQV OD
GpILQLWLRQ GH O
H[SORLWDELOLWp /
,)1 HW OH &pPDJUHI SURSRVHQW XQH pFKHOOH GH GLIILFXOWp
G













pWpIRXUQLHVSDU O¶,)1SRXUFKDTXHSRLQWG¶LQYHQWDLUH OHYpLOHVW LPSRVVLEOHGHOHVH[SORLWHU
WHOOHVTXHOOHV pWDQWGRQQpTX¶HOOHV VRQWGLVSRQLEOHVGH IDoRQSRQFWXHOOHV HWSDU FRQVpTXHQW

(QWUHWLHQGXVHSWHPEUH





OD GLVSHUVLRQ GHV SRLQWV HW GH OHXU pORLJQHPHQW OHV XQV SDU UDSSRUW DX[ DXWUHV GDQV XQH
FRQILJXUDWLRQ R OD WRSRJUDSKLH HW O
DFFHVVLELOLWp VRQW H[WUrPHPHQW YDULDEOHV '
DXWUH SDUW
QRXVQHGLVSRVRQVG
DXFXQUpVHDXGHGHVVHUWH IRUHVWLqUHj MRXU OD'%7232QH IRXUQLVVDQW
SDV O
LQWpJUDOLWp GHV FKHPLQV IRUHVWLHUV ,O FRQYLHQW QpDQPRLQV GH SUpFLVHU TXH OHV HQJLQV
G





















FKLIIUpHV VXU OH SUL[ GH UHYLHQW HQ HXURV GX 0:K GH SODTXHWWHV IRUHVWLqUHV SRXU FKDTXH
SDUFHOOHRXFKDTXHFHOOXOHH[SORLWpH(QHIIHWODYDOHXUPDUFKDQGHGHVSODTXHWWHVIRUHVWLqUHV
GpSHQG QRQ VHXOHPHQW GHV FRQGLWLRQV GX PDUFKp GHV G\QDPLTXHV GH O
RIIUH HW GH OD
GHPDQGH PDLV pJDOHPHQW GHV GLVWDQFHV GH WUDQVSRUW GX FRW GH ODPDWLqUH SUHPLqUH GHV
FRQWUDLQWHV GHPRELOLVDWLRQ HWF FI WDEOHDX  /HV GHX[ SRVWHV GH GpSHQVH SULQFLSDX[ HQ
PDWLqUHGHPRELOLVDWLRQGXERLVEFKHURQQDJHHWGpEDUGDJHYDULHQWDLQVLGHjVHORQ






G¶RUGUH VRFLRpFRQRPLTXHV GpILQLHV VHORQ0HZWRQ SDU OHPRUFHOOHPHQW OHV FRQIOLWV
G¶XVDJH DYHF OH ERLV GH IHX HW OD SpQpWUDELOLWp FRPPHUFLDOH HOOHV IRQW UpIpUHQFH j GHV
FRPSRUWHPHQWV G¶DFWHXUV GLIILFLOHPHQW PRGpOLVDEOHV (Q YXH G¶DSSUpKHQGHU OD FRQFXUUHQFH











'H OD PrPH IDoRQ TX
LO HVW GLIILFLOH G






XQH WDULILFDWLRQSUpFLVHGHV FRWV GHV SODTXHWWHV HQWUpH FKDXIIHULH Q¶DXUDLW JXqUH GH VHQV HQ
UHJDUG GH QRV REMHFWLIV GH WUDYDLO'¶XQH SDUW FDU OD UHVVRXUFH HVWPDO FRQQXH j OD EDVH HW
G¶DXWUHSDUWFDUVLOHVFRQGLWLRQVDFWXHOOHVGpWHUPLQHQWSRXUO¶KHXUHGHV]RQHVLQH[SORLWDEOHV
FHODVHUDLWVXVFHSWLEOHGHFKDQJHUVLSDUH[HPSOHODGHPDQGHYHQDLWjDXJPHQWHUEUXWDOHPHQW
IDLVDQW DLQVL PRQWHU OHV SUL[ GHV FRPEXVWLEOHV 2U OHV PDUFKpV DFWXHOV pWDQW HQ SOHLQ
GpYHORSSHPHQWFHODUHQGKDVDUGHX[OHVHVWLPDWLRQVGHVGLIIpUHQWVSRVWHVGHGpSHQVH/HEXW
UHFKHUFKp HVW HQ HIIHW GH SURSRVHU XQPRGqOH LQWpJUDQW DXPLHX[ OHV YDULDEOHV FRQQXHV RX
SUDWLTXHPHQWpYDOXDEOHVHWTXLFRQWULEXHQWjUHQIRUFHUODIDLVDELOLWpGHODPLVHHQ°XYUHGHOD
PpWKRGRORJLH 1RWRQV HQILQ TXH OH SUHPLHU SUREOqPH HVW ELHQ G
HVWLPHU XQH UHVVRXUFH




'HPrPH OD GLVWDQFH DX[ LQIUDVWUXFWXUHV GH GHVVHUWH IRUHVWLqUH HW OD SUpVHQFH GH SODFHV GH
GpS{W RX GH UHWRXUQHPHQW FRQGLWLRQQH O
DFFHVVLELOLWp DX[ UHVVRXUFHV HW OHV IDFLOLWpV
G
H[SORLWDWLRQ3DUFRQVpTXHQWQRXVSRXYRQVVXSSRVHUTXHOHV]RQHVOHVSOXVDFFHVVLEOHVRQW
GHV UHVVRXUFHV PRELOLVDEOHV SOXV IDFLOHPHQW HW SUpVHQWHQW SDU FRQVpTXHQW XQ SRWHQWLHO
GHQGURpQHUJpWLTXHSOXVLPSRUWDQW&HSHQGDQWLOV
DJLWpJDOHPHQWGHFRQVLGpUDWLRQVWHFKQLFR




IRUHVWLqUH SHXYHQW WRXW j IDLW V
pORLJQHU GHV FKHPLQV GH GHVVHUWH HW V¶DIIUDQFKLU GH FHWWH
FRQWUDLQWHSRXUDFFpGHUjXQFKDQWLHUIRUHVWLHUVLFHODHVWQpFHVVDLUH,OHVWELHQVUSRVVLEOHj
WLWUH LQGLFDWLI GHGRQQHU GHV LQIRUPDWLRQV VXU FHV FRQWUDLQWHV HW GH FDUWRJUDSKLHU OHV SHQWHV
ILJXUH  HW OD GHVVHUWH IRUHVWLqUH DXPR\HQ GHV %'$/7, HW %' 7232 ELHQ TXH FHWWH
GHUQLqUHQHVRLWSDVIRUFpPHQWjMRXUDXQLYHDXGHVLQIUDVWUXFWXUHVGHGHVVHUWHIRUHVWLqUH






GH QRXV FRQFHQWUHU VXU OD GLPHQVLRQ GXUDEOH GH O
H[SORLWDWLRQ IRUHVWLqUH FRQWUDLQWHV
HQYLURQQHPHQWDOHV DYHF OD GpILQLWLRQ GH SRVVLELOLWpV GH SUpOqYHPHQWV HQ DFFRUG DYHF OH












Préservation de la qualité et la fertilité des sols 

/HV UpPDQHQWVFRQVWLWXpVGHVEUDQFKHVHW IHXLOODJHVXVXHOOHPHQWQRQYDORULVpV UHSUpVHQWHQW









'DQV OH FDGUH G¶XQH V\OYLFXOWXUH GXUDEOH VDQV DSSRUWV GH IHUWLOLVDQWV H[WHUQHV O¶$'(0(
SUpFRQLVHGDQVODPHVXUHGXSRVVLEOHGHx UDPDVVHUOHVUpPDQHQWVXQHIRLVYRLUHGHX[DXPD[LPXPGDQVODYLHG¶XQSHXSOHPHQW
x QHSDVUpFROWHUWRXWHODELRPDVVHDpULHQQHHQODLVVDQWXQHSDUWGHVUpPDQHQWVDXVROHWFHj
FKDTXH UpFROWH GH IDLW LO HVW WHFKQLTXHPHQW GLIILFLOH GH UpFXSpUHU SOXV GH   GHV
UpPDQHQWV
3RXUO¶HVWLPDWLRQGHVSUpOqYHPHQWVGHVUpVLGXVG¶H[SORLWDWLRQQRXVQRXVVRPPHVDSSX\pVVXU
OHJXLGHGHla récolte raisonnée des rémanents en forêtpGLWpHQSDUO¶$'(0(HWQRXV
SUHQGURQVFRPPHEDVHOHPLQLPXPGHGHUpPDQHQWVSRXUOHVRO

Protection des écosystèmes 

&HUWDLQV HVSDFHV ERLVpV IRUrWV GH SURWHFWLRQ HW HVSDFHV ERLVpV FODVVpV FRQVWLWXHQW GHV
ELRWRSHV TX
LO FRQYLHQW GH SUpVHUYHU HW TX
XQH DFWLYLWp G
H[SORLWDWLRQ IRUHVWLqUH ULVTXH GH












HW GH OD *RXWWH G
8O\VVH 7HUULWRLUH GH %HOIRUW &RQFHUQDQW OHV DXWUHV ]RQDJHV GpGLpV j
O
LQYHQWDLUHRXj ODFRQVHUYDWLRQGXSDWULPRLQHELRORJLTXHGH W\SH=1,())=RQH1DWXUHOOH
G¶,QWpUrW pFRORJLTXH )DXQLVWLTXH HW )ORULVWLTXH ]RQHV G¶LQWpUrW FRPPXQDXWDLUH DUUrWpV
SUpIHFWRUDX[ GH ELRWRSH 1DWXUD  HWF LOV Q¶RQW SDV WRXMRXUV G¶LQFLGHQFHV VXU OHV







WHQLU FRPSWH GDQV XQ SURMHW G
DPpQDJHPHQW RX GH JHVWLRQ VL GHV HVSqFHV SURWpJpHV \ VRQW




 &ODVVpH HQ  SRXU OXWWHU FRQWUH OH UDYLQHPHQW FRQVpFXWLI j VD VXUH[SORLWDWLRQ SRXU OHV UHFRQVWUXFWLRQV
G
DSUqVODSUHPLqUHJXHUUHPRQGLDOH





/D V\OYLFXOWXUH RX FXOWXUH GH OD IRUrW GpVLJQH O¶HQVHPEOH GHV WHFKQLTXHV YLVDQW j FUpHU
UHQRXYHOHUDPpOLRUHUXQSHXSOHPHQWIRUHVWLHUGDQVXQHRSWLTXHGHSURGXFWLRQGHELHQVERLV
G¶°XYUH ERLV G¶LQGXVWULH ERLVpQHUJLH RX GH VHUYLFHV TXDOLWp SD\VDJqUH SURWHFWLRQ
SpGRORJLTXH HWF 8Q FHUWDLQ QRPEUH GH UqJOHV HW GH SUDWLTXHV V\OYLFROHV SODQWDWLRQ
UpJpQpUDWLRQpFODLUFLHVFRXSHVILQDOHV«VRQWPLVHVHQSODFHYLVDQWQRWDPPHQWjDPpOLRUHU





IRUHVWLHUV pYRTXpV DX GpEXW GH FH FKDSLWUH VH EDVHQW HQ JUDQGH SDUWLH VXU GHV GRQQpHV GH
SURGXFWLRQHWGHVFpQDULLGHJHVWLRQ/
,)1DIILUPHDLQVLTXH©ODYHQWLODWLRQHVWSHX
ILQH GX IDLW GH OD GLYHUVLWp GHV GRQQpHV HQ MHX >HW TXH@ VSDWLDOHPHQW DXFXQH DQDO\VH Q¶HVW
SRVVLEOHDXQLYHDXLQIUDGpSDUWHPHQWDOª6HXOVTXHOTXHVGRFXPHQWVGHJHVWLRQRULHQWDWLRQV
UpJLRQDOHV IRUHVWLqUHV GLUHFWLYHV UpJLRQDOHV G
DPpQDJHPHQW  VFKpPDV UpJLRQDX[
G




UHQVHLJQHQW VXU OHV FDUDFWpULVWLTXHV ELRORJLTXHV HWPRUSKRORJLTXHV GHV IRUrWV HOOHV QH QRXV
GRQQHQW HQ UHYDQFKH TXDVLPHQW SDV G













'HV HQWUHWLHQV DYHF OHV LQVWLWXWLRQV HQ FKDUJH GH O
pODERUDWLRQ GH FHV GRFXPHQWV '5$$)
&(6 &53)« RQW GH VXUFURvW UpYpOp TXH OHV GRQQpHV GH SUpOqYHPHQWH[SORLWDWLRQ VRQW
ODUJHPHQWPpFRQQXHV HW TXH OD VRXUFH OD SOXV ILDEOH O
HQTXrWH DQQXHOOH GH EUDQFKH VXU OD
UpFROWHGHVERLVHW ODSURGXFWLRQGHVVFLDJHVQHGRQQHSDVGHSUpFLVLRQVVXU ODSURYHQDQFH
H[DFWH GHV UHVVRXUFHV H[SORLWpHV  OD VHXOH LQGLFDWLRQ VXU O¶RULJLQH pWDQW ©SURYHQDQFH GH
)UDQFKH&RPWpªRX©KRUVGH)UDQFKH&RPWpª'DQVFHVFRQGLWLRQVHWHQWUDYDLOODQWjXQH
pFKHOOH ORFDOH HVWLO VHXOHPHQW SRVVLEOH G¶LQWpJUHU GHV VFpQDULL GH JHVWLRQ V\OYLFROH
VDWLVIDLVDQWV" (W pSOXFKHU HQ GpWDLO FKDTXH GRFXPHQW GH JHVWLRQ SODQ GH JHVWLRQ SDU
H[HPSOH HVWLO SHUWLQHQW HW FRPSDWLEOH GDQV OH FDGUH G¶XQH GpPDUFKH GH PRGpOLVDWLRQ
LPSOLTXDQW XQH VLPSOLILFDWLRQ GDQV XQH RSWLTXH GH UHSURGXFWLELOLWp GX PRGqOH" '¶DXWDQW
TX¶RQ \ WURXYH GDYDQWDJH GH JUDQGHV SUpFRQLVDWLRQV HW RULHQWDWLRQV G¶DPpQDJHPHQW TXH GH







/¶DSSOLFDWLRQGHPpWKRGHV WHOOHV TXH OHV GLVSRQLELOLWpV EUXWHV RX OHV VLPXODWLRQVSDU FODVVH
G¶kJHHQYXHGHGpILQLUGHVVHXLOVGHSUpOqYHPHQWVRQWFHUWHVLQWpUHVVDQWHVPDLVLPSOLTXHQWj
QRWUH VHQV XQH FRQQDLVVDQFH SDUIDLWH GH OD UHVVRXUFH FH TXL Q¶HVW SDV OH FDV j O¶pFKHOOH





SDOLHU SDUWLHOOHPHQW j FH SUREOqPH HQ HIIHFWXDQW GHV FDOFXOV EDVpHV VXU GHV K\SRWKqVHV GH






GpILQLU GHV FRQGLWLRQV G
H[SORLWDWLRQ GXUDEOH HQ IRQFWLRQ GHV HVVHQFHV PDMRULWDLUHV HW GH











$SUqV DYRLU SULV FRQQDLVVDQFH GHV GLIIpUHQWHV PpWKRGHV GpYHORSSpHV VXU O
HVWLPDWLRQ GH OD
ELRPDVVHDpULHQQH OLJQHXVHHW DYRLURXYHUW OHVTXHVWLRQVGH VD IUDFWLRQpQHUJLVDEOHHWGH OD
SDUW GLVSRQLEOH SRXU OH EUR\DJH GH SODTXHWWHV QRXV DYRQV IDLW OH FKRL[ G
pFDUWHU OHV SLVWHV
UHTXpUDQW WURS G
LQIRUPDWLRQ LQFRQQXH RX LQFHUWDLQH RX DSSHODQW GHV SDUDPqWUHV WURS
pSKpPqUHV 1RWUH RULHQWDWLRQ HVWPDLQWHQDQW GHPRGpOLVHU OD ELRPDVVH DpULHQQH GHPDWLqUH
H[KDXVWLYHHQIRUrWHWKRUVIRUrWDLQVLTXHODIUDFWLRQpQHUJLVDEOHGHFHWWHELRPDVVHF
HVWj
GLUH OD PDWLqUH OLJQHXVH PRELOLVDEOH GXUDEOHPHQW SRXU SDUW VRXV IRUPH GH SODTXHWWHV










HQVHPEOH GHV PRGqOHV LVVXV GX PRQGH IRUHVWLHU V
DSSXLH VXU GHV GRQQpHV
G
LQYHQWDLUH HW WRXV SUpVHQWHQW GHV UpVXOWDWV QRQ VSDWLDOLVpV HW WUqV UDUHPHQW HQ GHVVRXV GH
O
pFKHOOH LQIUDGpSDUWHPHQWDOH 6HXOV OHV 3ODQV G
$SSURYLVLRQQHPHQWV 7HUULWRULDX[ IRQW
H[FHSWLRQ j OD UqJOH HW SUpVHQWHQW GHV UpVXOWDWV SRXU GHV WHUULWRLUHV GH WDLOOH SOXV PRGHVWH
SD\VPDLVOHXUOLPLWHHVWSHXWrWUHG
DVVRFLHUWURSGHSDUDPqWUHVPDOFRQQXVRXGHYDULDEOHV

















































































/HV VRXUFHVELEOLRJUDSKLTXHV LQVLVWHQW VXU OHVSRLQWV VXLYDQWVGDQV ODGpILQLWLRQGXSRWHQWLHO
GHQGURpQHUJpWLTXH











(QHIIHWVL OHVPpWKRGHVGpYHORSSpHVSDU OHVH[SHUWVHQIRUHVWHULHVRQW LQWpUHVVDQWHVGDQVOD
PHVXUH R HOOHV FRQVLGqUHQW GHV DVSHFWV JHVWLRQQDLUHV HW ELRORJLTXHV SURGXFWLRQ FRXUDQWH
VFpQDULLGHJHVWLRQGLVSRQLELOLWp WDX[GHSUpOqYHPHQWV WDX[GHEUDQFKHVYROXPH WKpRULTXH
LGpDO HWF OHV UpVXOWDWVQH VRQWTXH UDUHPHQWGLVSRQLEOHVjXQHpFKHOOH LQIUDUpJLRQDOH3DU
DLOOHXUV  HW SRXU OHV UDLVRQV GpYHORSSpHV GDQV OH FKDSLWUH  QRXV QH FRQVLGpUHURQV TXH OD
GXUDELOLWpGHVSUpOqYHPHQWVHWODSpUHQQLWpGHODUHVVRXUFHOLJQHXVH

1RXV FRQQDLVVRQV GHV HVSDFHV DUERUpV HW IRUHVWLHUV SDU OHXU W\SH GH SHXSOHPHQW HW GH
ELRPDVVH0DLVO¶DFFURLVVHPHQWHWOHVSRVVLELOLWpVGHSUpOqYHPHQWVVRQWDXVVLIRQFWLRQGHO¶kJH
GHV SHXSOHPHQWV 8QH SUHPLqUH pWDSH GRLW GRQF SHUPHWWUH GH GpULYHU O¶kJH j SDUWLU GH OD
ELRPDVVH VHORQ OHV SHXSOHPHQWV /HV WDEOHV IRUHVWLqUHV SHUPHWWHQW GH UpDOLVHU FHOD DX SUL[
G¶XQH VLPSOLILFDWLRQ DXWRXU GH YDOHXUV PR\HQQHV VHORQ OHV HVSqFHV HW OHV FODVVHV GH
SURGXFWLYLWp HW VHORQ OHV PRGHV GH JHVWLRQ 3DU H[HPSOH XQH IXWDLH GH KrWUH HQ FODVVH GH
SURGXFWLRQPR\HQQHHWDSUqVXQVXLYLUpJXOLHUHQpFODLUFLHDXQYROXPHERLVIRUWPR\HQGH






DORUVSRVVLEOHG¶HVWLPHU OHXUDFFURLVVHPHQWFRXUDQW WRXMRXUVHQ IDLVDQW UpIpUHQFHDX[ WDEOHV
IRUHVWLqUHVHWjOHXUVYDOHXUVPR\HQQHV,OHVWGRQFSRVVLEOHGHFDOFXOHUTXHOOHVHUDGDQVDQV
GDQVDQVRXGDQVDQVODELRPDVVHPR\HQQHGHWHOVHFWHXUIRUHVWLHUGXPRLQVVLFH
VHFWHXU Q¶D SDV O¶REMHW G¶XQH FRXSH WRWDOH 6LPXOWDQpPHQW OHV WDEOHV IRUHVWLqUHV SHUPHWWHQW
G¶HVWLPHU OD TXDQWLWp GH ERLV IRUW TXL SHXW rWUH SUpOHYpH HQ pFODLUFLH VXU FH PrPH VHFWHXU




PR\HQQHV OH YROXPHG¶pFODLUFLH HVW SDU H[HPSOHGHPKD HQWUH  HW  DQV1RXV









OHVDUEUHVGHV WUDQFKHVG¶kJH OHVSOXVpOpYpHVGRQW OHSUpOqYHPHQWHVWFRPSHQVpSDU
O¶DFFURLVVHPHQWVXUG¶DXWUHVVHFWHXUV










XVDJHV GX ERLV ERLVPDWpULDX[ /H SUREOqPH VH FRPSOLTXH XQ SHX GDQV ODPHVXUH R OHV
ELRPDVVHVPDQLSXOpHVMXVTX¶LFLVRQWFHOOHVGXERLVIRUWDORUVTXHGDQVOHVIXWDLHVODIUDFWLRQ
pQHUJLVDEOH HVW SOXW{W VLWXpH GDQV OHV KRXSSLHUV8Q HQVHPEOH GH SDUDPqWUHV GRLW GRQF rWUH




$X ILQDO FHWWHPpWKRGH GRLW SHUPHWWUH G¶REWHQLU SRXU XQ HVSDFH GRQQp HW SRXU GHV SDV GH
WHPSV GRQQpV OHV TXDQWLWpV GH ELRPDVVH pQHUJLVDEOH H[SORLWDEOH GXUDEOHPHQW SDU W\SH GH
SHXSOHPHQW HW PRGH GH JHVWLRQ FI ILJXUH  ,O V¶DJLW ELHQ HQWHQGX G¶XQH HVWLPDWLRQ











&HWWHSDUWLHGX WUDYDLOHVWGpGLpHj O¶HVWLPDWLRQGH O¶RIIUHPD[LPDOHSRUWpHSDU OD UHVVRXUFH
TXHFHWWHRIIUHVRLWXWLOLVpHRXQRQ(OOHSHUPHWSRXUWDQWHQSUHPLqUHOHFWXUHGHFRQQDLWUH OD
FDSDFLWp G¶DSSURYLVLRQQHPHQW HQ ERLVpQHUJLH G¶XQ WHUULWRLUH GRQQp HW GH FRPSDUHU FHWWH









VLPLODLUH j FHOXL GDQV OHTXHO QRXV WUDYDLOORQV HW OD VHXOHPpWKRGH RXSOXV H[DFWHPHQW XQH
pEDXFKHGHUpIOH[LRQDERQGDQWHQFHVHQVDpWppPLVHSDUO¶2IILFH1DWLRQDOGHV)RUrWV'DQV
OHQGHV©rendez-vous techniques ªGHFRQVDFUpVDXERLVpQHUJLH O¶21)FRQVDFUH
XQFKDSLWUHjO¶pODERUDWLRQG¶XQSODQG¶DSSURYLVLRQQHPHQWHQSODTXHWWHVIRUHVWLqUHV

Éléments de méthode pour la modélisation des approvisionnements et la quantification des potentiels énergisables 
_________________________________________________________________________________  

2.1. Zone de prospection et rayon d’approvisionnement : la 
méthode d’ONF Énergie 
3ULQFLSHGHODGpPDUFKH









FH UD\RQ HVW IL[p HQ IRQFWLRQ GH OD VXUIDFH IRUHVWLqUH TX¶LO SHUPHW G¶LQFOXUH $LQVL ©VL OH
EHVRLQHVWSDUH[HPSOHGHWRQQHVGHSODTXHWWHVIRUHVWLqUHVSDUDQHWTXHGDQVOD]RQH
FRQVLGpUpHRQDSSOLTXHXQWDX[GHUpFROWHSRWHQWLHOOHERLVpQHUJLHSODTXHWWHVGHWDQKDRQ
HQ GpGXLW TXH OD ]RQH G¶pWXGH GHYUD LQFOXUH XQ PLQLPXP GH   KD GH ©IRUrWV
SURVSHFWDEOHVª FH TXL SHUPHW DORUV GH IL[HU OH UD\RQ G¶DSSURYLVLRQQHPHQWª /HV WDX[ GH
UpFROWH SURYLHQQHQW GH GRFXPHQWV GH JHVWLRQ HW G¶pWXGHV UHVVRXUFHV /D QRWLRQ GH IRUrW
SURVSHFWDEOHVHUpIqUHjXQHIRUrWGHSURGXFWLRQGRQWOHSURSULpWDLUHHVWLGHQWLILp/HUpVXOWDWVH
SUpVHQWHVRXVIRUPHFDUWRJUDSKLTXH O¶LGpDOpWDQW VHORQ OHVDXWHXUVGHSRXYRLUGLVSRVHUGHV
FRXFKHV 6,*GHV GLIIpUHQWV W\SHV GH IRUrWV SULYpH SXEOLTXH SRXU YHQWLOHU OHV VXUIDFHV SDU
UD\RQV G¶DSSURYLVLRQQHPHQW SURJUHVVLIV  NP  NP«8Q SUHPLHU pFXHLO HVW OD
PDLOOHG¶DSSURFKH©GDQVFHFDVOHQLYHDXGHUHVWLWXWLRQPLQLPXPHVWOHGpSDUWHPHQWª8Q
VHFRQGpFXHLOGHWDLOOHHVWTXHFHPRGqOHQHSUHQGSDVHQFRPSWHOHVU\WKPHVGHSUpOqYHPHQW




















&HWWH IRUPXOH TXL FRQVWLWXH O¶XQH GHV UDUHV SLVWHV GH UpIOH[LRQV VXU OHV EDVVLQV




j DXFXQPRPHQW ODQRWLRQGH VHXLORXG¶HVSDFHFRQFXUUHQWLHOQ¶HVW pYRTXpH DORUVTX¶LO HVW
WRXW j IDLW SRVVLEOH TX¶XQH FKDXIIHULH ORFDOLVpH j SUR[LPLWp HW FDUDFWpULVpH SDU VRQ SURSUH
UD\RQ GH SURVSHFWLRQDSSURYLVLRQQHPHQW SXLVVH HQWUHU WRWDOHPHQW RX SDUWLHOOHPHQW GDQV OD
VSKqUHG¶LQIOXHQFHG¶XQHDXWUHFKDXIIHULH&HWDVSHFWHVWVRPPDLUHPHQWpYRTXpGDQV O
pWXGH
UpDOLVpH SDU *&) HQ SDUWHQDULDW DYHF O
21)   DILQ GH YpULILHU TXH OH SURMHW GH FHQWUDOH
ELRPDVVHQHJpQpUHUD SDV GH WHQVLRQ VXU OHVPDUFKpV FODVVLTXHV HW O¶DSSURYLVLRQQHPHQW GHV
FHQWUDOHVGpMjHQIRQFWLRQQRXVUpDOLVRQVXQHDQDO\VHGHVYROXPHVFRPPHUFLDOLVpVSDUW\SH
GH SURGXLW GDQV OH UD\RQ G¶DSSURYLVLRQQHPHQW1pDQPRLQV HQFRUH XQH IRLV FHW DVSHFW QH
FRQFHUQH TX
XQ EDVVLQ G
DSSURYLVLRQQHPHQW FHQWUp VXU XQH VHXOH FKDXIIHULH ,O Q
\ D SDV GH
FRQVLGpUDWLRQ GH O




UHVWLWXWLRQ VXU OH FULWqUH GH GXUDELOLWp HW VXU OH SUREOqPH FRQFXUUHQWLHO QRXV SDUDLVVHQW
UpGKLELWRLUHV1RXVWHQWRQVGRQFGHSURSRVHUXQHPpWKRGHTXLGpSDVVHFHVOLPLWHV

2.2. Modélisation de bassins d'approvisionnement locaux 
2EMHFWLIV
















 3RLQW  GX FKDSLWUH  OD VWUXFWXUDWLRQ DFWXHOOH GHV DSSURYLVLRQQHPHQWV IRQFWLRQQHPHQWV HW OLPLWHV XQH
VWUXFWXUDWLRQGHODILOLqUHSDUODGHPDQGH






/D GpPDUFKH JpQpUDOH HVW YRORQWDLUHPHQW SUpVHQWpH LFL GH IDoRQ VRPPDLUH DILQ G
pYLWHU OHV
UHGRQGDQFHV DYHF OH FKDSLWUH  GH OD SDUWLH  GDQV OHTXHO FHWWH GpPDUFKH DLQVL TXH OHV
GRQQpHVHW OHV UpVXOWDWV VRQWH[SRVpVGHPDQLqUHDSSURIRQGLH/
REMHFWLI ILQDOHVWG
DUULYHUj
GpWHUPLQHU HW FDUWRJUDSKLHU OHV EDVVLQV G
DSSURYLVLRQQHPHQW WKpRULTXHV GHV GLIIpUHQWHV












x /HV DFFURLVVHPHQWV HW OHV SUpOqYHPHQWV GXUDEOHV SDU SDV GH WHPSV  DQV VXU XQH
SHUVSHFWLYHGHGHX[VLqFOHVHWOHVIUDFWLRQVpQHUJLVDEOHVVXUFHVSUpOqYHPHQWV
x $LQVLTXHGHVFRQWUDLQWHVGHPRELOLVDWLRQ&HVGHUQLqUHVVRQWH[SULPpHVVRXVIRUPHGH
FODVVH GH GLIILFXOWp HQ IRQFWLRQ GH OHXU DFFHVVLELOLWp GLVWDQFH DX UpVHDX URXWLHU HW
SHQWH
/DVDWLVIDFWLRQGHODGHPDQGHG¶XQHFKDXIIHULHVXU OH ORQJWHUPHHQYDORULVDQWGXUDEOHPHQW




LWpUDWLRQGH ODGLVWDQFHj ODFKDXIIHULH FKDTXH LWpUDWLRQSUHQGHQFRPSWHSRWHQWLHOGHERLV
pQHUJLH RIIHUW SDU OHV HVSDFHV ERLVpV j O¶pWDSH GRQQpH MXVTX¶j FH TXH OH WRWDO PRELOLVDEOH
VDWLVIDVVHOHEHVRLQ

3RXU FKDTXH EDVVLQ G
DSSURYLVLRQQHPHQW G¶pWDSH LO HVW SRVVLEOH GH GLVWLQJXHU FH TXL D pWp
H[SORLWpGHFHTXLDpWppFODLUFL&HVEDVVLQVVRQWFRQQXVSDUOHXUHPSULVHHWGpFULWVSDUXQH
WDEOH SHUPHWWDQW G










FKDXIIHULHV G¶XQ WHUULWRLUH SHUPHW HQILQ G¶DQDO\VHU OHV FRQFXUUHQFHV G¶DSSURYLVLRQQHPHQW










E FDOFXOHU GHV EDVVLQV G





FLEOHU XQ  WHUULWRLUH ORFDO WUDYDLOOHU VRXV FRQWUDLQWH GH GXUDELOLWp HW DQDO\VHU OHV HIIHWV GH
FRQFXUUHQFH

&HWWH PpWKRGH D ELHQ VU GH QRPEUHXVHV OLPLWHV 7RXW G¶DERUG O¶XWLOLVDWLRQ GH YDOHXUV
PR\HQQHV SXLVpHV GDQV OHV WDEOHV IRUHVWLqUHV SRXU pWDEOLU OHV FRUUHVSRQGDQFHV HQWUH kJH HW
ELRPDVVH HW FDOFXOHU OHV TXDQWLWpV SURGXLWHV SDU H[SORLWDWLRQ HW pFODLUFLH DX ILO GH
O¶DFFURLVVHPHQW(QVXLWH QRXV IDLVRQV OHSRVWXODWG¶XQH IRUrW WRXMRXUV FRQGXLWHGH ODPrPH
IDoRQTXLQHV¶pWHQGSDVHWQHVHUpWUDFWHSDV(QILQQRXVQ¶HQYLVDJHRQVSDVG¶DWWHLQWHVDX[
DUEUHV HW DX[ IRUrWV WHOOHV TXH OHV PDODGLHV OHV WHPSrWHV HW DXWUHV DOpDV FOLPDWLTXHV OHV
LQFHQGLHV HWF /D PRGpOLVDWLRQ GHV EDVVLQV G¶DSSURYLVLRQQHPHQW PDOJUp O¶DVVRUWLPHQW GH
GRQQpHV HW GH SDUDPqWUHV PRELOLVpV HVW HOOHPrPH VLPSOLILFDWULFH QRXV FRQVLGpURQV DLQVL
TX¶XQDUEUHSHXWrWUHH[SORLWp LQGpSHQGDPPHQWGHV VWDWXWV IRQFLHUVGHVHQMHX[pFRORJLTXHV
RXSDWULPRQLDX[HWLQGpSHQGDPPHQWGHWRXVMHX[G¶DFWHXUV


















SRXU XQ FRXSODJH HQWUH GHV GRQQpHV G¶LPDJHULH VDWHOOLWDLUH HW GHV GRQQpHV YROXPpWULTXHV
SRQFWXHOOHV IRXUQLHV SDU O¶,)1 LQYHQWDLUH IRUHVWLHU &HOD QRXV SHUPHWWUD GH FDUWRJUDSKLHU
GDQV XQ SUHPLHU WHPSV OD ELRPDVVH DpULHQQH IRUHVWLqUH HW QRQ IRUHVWLqUH $ILQ G¶HVWLPHU OH
YROXPH OLJQHX[ SUpOHYDEOH GXUDEOHPHQW QRXV XWLOLVHURQV GHV WDEOHV GH SURGXFWLRQ SRXU OHV
SULQFLSDX[W\SHVGHSHXSOHPHQWVO¶REMHFWLIpWDQWGHQHSDVSUpOHYHUGHVTXDQWLWpVGHELRPDVVH
VXSpULHXUHV DX[ TXDQWLWpV UpJpQpUpHV /HV GLIIpUHQWV XVDJHV GX ERLV VRQW pJDOHPHQW SULV HQ
FRPSWH WRXW FRPPH OHV LPSpUDWLIV GH SURWHFWLRQ GHV VROV SDU OHV UpPDQHQWV G¶H[SORLWDWLRQ
IRUHVWLqUH/HVFRQWUDLQWHVWHFKQLFRpFRQRPLTXHVLPSXWDEOHVHVVHQWLHOOHPHQWjODWRSRJUDSKLH
HW j OD GLVWDQFH DX[ LQIUDVWUXFWXUHV GH GHVVHUWH VRQW VLPSOLILpHV j OHXU SDUW LPSXWDEOH j OD
WRSRJUDSKLH HW DX[ LQIUDVWUXFWXUHV GH GHVVHUWH1RXV pFDUWRQV OHV FRQWUDLQWHV LQGXLWHV SDU OD
IUDJPHQWDWLRQGH ODSURSULpWp IRUHVWLqUHSULYpH UHOHYDQWGHSURFHVVXVFRPSRUWHPHQWDX[PDO
FRQQXVHWGLIILFLOHPHQWJpQpUDOLVDEOHV

/HV DSSURYLVLRQQHPHQWV pWDQW O¶H[SUHVVLRQ G¶LQWHUDFWLRQV VSDWLDOHV IOX[ HQWUH GHV OLHX[ GH
SURGXFWLRQHWGHFRQVRPPDWLRQQRXVDYRQVHPSUXQWpGHVPpWKRGHVLQLWLDOHPHQWDSSOLTXpHVj
O¶pWXGH GHV IOX[ pFRQRPLTXHV RX PLJUDWRLUHV PDWULFHV GH IOX[ PRGqOHV G¶LQWHUDFWLRQ
VSDWLDOH DILQG¶pWXGLHU ODQDWXUHHW O¶LQWHQVLWpGHFHV LQWHUDFWLRQVeWDQWSUpFXUVHXUVGDQV OH
GRPDLQH GHQGURpQHUJpWLTXH QRXV QRXV LQWHUURJHRQV VXU OD YDOLGLWp GH O¶DQDORJLH JUDYLWDLUH
PDLQWHV IRLV REVHUYpH HQ JpRJUDSKLH &HWWH GHUQLqUH VWLSXOH HQ HIIHW TXH O¶LQWHQVLWp GHV
LQWHUDFWLRQVVSDWLDOHVHVWSURSRUWLRQQHOOHjFHOOHGHVPDVVHVHWGpFURvWGHPDQLqUHLQYHUVHPHQW








(QILQ QRXV DYRQV SRVp OHV FKHPLQHPHQWV PpWKRGRORJLTXHV SRXU HVWLPHU OD ELRPDVVH
pQHUJLVDEOH GXUDEOH G¶XQ WHUULWRLUH GRQQp HW SRXU GpILQLU GHV DLUHV G¶DSSURYLVLRQQHPHQW
































$SUqV DYRLU GRQQp GHV SLVWHV PpWKRGRORJLTXHV LO FRQYLHQW PDLQWHQDQW G¶HQ pSURXYHU
FRQFUqWHPHQW OD IDLVDELOLWp HW ODYDOLGLWp3RXUFHODQRXVDYRQVFKRLVLGHX[ WHUUDLQVG¶pWXGH








IRUHVWLHUV RQWLOV XQ U{OH VWUXFWXUDQW" &RPPHQW VDWLVIDLUH GXUDEOHPHQW OHV EHVRLQV GHV
FKDXIIHULHVHQYDORULVDQWOHVUHVVRXUFHVGHSUR[LPLWp"4XHOOHVFRQFXUUHQFHVVRQWHOOHVGpMjj








SXLVVDQFH GHV FKDXIIHULHV DWWUDFWLYLWp OD VWUXFWXUH GX FRXYHUW ERLVp pPLVVLYLWp HW OD
GLVWDQFHSDUFRXUXH

/HV WURLV FKDSLWUHV VXLYDQWVSURFqGHQWG¶XQH DXWUH ORJLTXH LO QH V¶DJLW SOXVGH FRPSUHQGUH
FRPPHQW OHVDSSURYLVLRQQHPHQWV VH VWUXFWXUHQWDXMRXUG¶KXLPDLVG¶HVWLPHU OHVSRWHQWLDOLWpV
ORFDOHV GXUDEOHV SRXU FHV DSSURYLVLRQQHPHQWV&HOD VXSSRVH GH ELHQ FRQQDvWUH OD UHVVRXUFH













/H FKDSLWUH  V¶DSSXLH VXU OHV UpVXOWDWV GHV GHX[ FKDSLWUHV SUpFpGHQWV SRXU SURSRVHU XQH
PRGpOLVDWLRQH[SORUDWRLUHHWLWpUDWLYHGHVEDVVLQVG¶DSSURYLVLRQQHPHQWORFDX[





































GHQGURpQHUJpWLTXHQRXVDYRQV VpOHFWLRQQpGHV WHUULWRLUHV DX[SURILOV HW VWUXFWXUHVGLIIpUHQWV
XQHFRPPXQDXWpG
DJJORPpUDWLRQHWXQSD\VUXUDOGHPDQLqUHjSRXYRLUHIIHFWXHUGHVWHVWV
HW GHV FRPSDUDLVRQV /H FKRL[ GH FHV GHX[ WHUUDLQV V
HVW DXVVL HIIHFWXp GH PDQLqUH WUqV





GpYHORSSHPHQW HW IRUWHPHQW FRQFXUUHQWLHO LO HVW H[WUrPHPHQW GLIILFLOH GH VH SURFXUHU GHV
GRQQpHV VXU OD WUDoDELOLWp GHV FRPEXVWLEOHV 21) eQHUJLH D\DQW PDQLIHVWp XQH YRORQWp GH
FRRSpUDWLRQDXQLYHDXGHO
DSSURYLVLRQQHPHQWGHVFKDXIIHULHVELVRQWLQHVFHODQRXVDLQFLWpj
FKRLVLUGHSULPHDERUG OH WHUULWRLUHGH OD&RPPXQDXWpG
$JJORPpUDWLRQGX*UDQG%HVDQoRQ
&$*%(QVHFRQGOLHXQRXVDYRQVRSWpSRXU OH3D\V/RXH/LVRQVXU OHTXHODYDLWGpMjpWp
PHQp XQ 3ODQ G
$SSURYLVLRQQHPHQW 7HUULWRULDO DXTXHO QRXV SRXUULRQV FRQIURQWHU QRV
FRQFOXVLRQV $MRXWRQV TXH OD FRPPXQDXWp G






 /RL GX  MXLQ  G
RULHQWDWLRQ SRXU O












'RXEV DYHF DX QRUG O





















XQ SRLQW GH YXH LQVWLWXWLRQQHO OH 3D\V /RXH/LVRQ UHJURXSH WURLV LQWHUFRPPXQDOLWpV OD
&RPPXQDXWpGH&RPPXQHV$PDQFH\/RXH/LVRQOD&RPPXQDXWpGH&RPPXQHVGX&DQWRQ
GH 4XLQJH\ HW OD &RPPXQDXWp GH &RPPXQHV GX 3D\V G¶2UQDQV /H SD\V GpVLJQH XQ
WHUULWRLUH SUpVHQWDQW XQH ©FRKpVLRQ JpRJUDSKLTXH pFRQRPLTXH FXOWXUHOOH RX VRFLDOH j
O
pFKHOOH G
XQ EDVVLQ GH YLH RX G
HPSORLª DILQ G




SURMHWV GH GpYHORSSHPHQW  /HV HQMHX[ HW OHV REMHFWLIV HQPDWLqUH GH GpYHORSSHPHQW VRQW
IL[pVGDQVOD&KDUWHGHSD\VSDUOHFRQVHLOGHGpYHORSSHPHQWTXLUpXQLWOHVpOXVHWOHVDFWHXUV
VRFLDX[ FXOWXUHOV RX DVVRFLDWLIV ,O V
DJLW G
XQ RUJDQH GH UpIOH[LRQ VXU OD SROLWLTXH GX
GpYHORSSHPHQW GX WHUULWRLUH j PHQHU 'DQV OHV FRPPXQDXWpV G
DJJORPpUDWLRQ TXL VH
GpILQLVVHQWFRPPHXQUHJURXSHPHQWGHSOXVLHXUVFRPPXQHVIRUPDQWjODGDWHGHODFUpDWLRQ
XQ HQVHPEOH GH SOXV GH   KDELWDQWV G
XQ VHXO WHQDQW HW VDQV HQFODYH DXWRXU G
XQH RX
SOXVLHXUVFRPPXQHVFHQWUHVGHSOXVGHKDELWDQWV ODJHVWLRQVH IDLWSDUXQFRQVHLO
FRPPXQDXWDLUH FRPSRVp GH FRQVHLOOHUV PXQLFLSDX[ GHV FRPPXQHV PHPEUHV /HV
FRPPXQDXWpV G
DJJORPpUDWLRQ VH YRLHQW DWWULEXHU SDU OH FRGH JpQpUDO GHV FROOHFWLYLWpV
WHUULWRULDOHV FHUWDLQHV FRPSpWHQFHV  GpYHORSSHPHQW pFRQRPLTXH DPpQDJHPHQW GH O
HVSDFH
FRPPXQDXWDLUH pTXLOLEUH VRFLDO GH O







SOXV PRGHVWH FRPSWHQW GH  j  KDELWDQWV DYHF XQH SDUW IRUWH SRXU OHV SHWLWHV
FRPPXQHVFRPSWHQWPRLQVGHKDELWDQWV/H3D\V/RXH/LVRQWRWDOLVHSRXUVDSDUW
 KDELWDQWV /HV S{OHV ORFDX[ VRQW GH WDLOOH PRGHVWH  2UQDQV FXOPLQH DYHF 
KDELWDQWV 4XLQJH\ UHJURXSH HQYLURQ  KDELWDQWV PDOJUp O


















9LOOH DXQRUG FDPSDJQHDX VXG  DXGHOjGH ODSRODULVDWLRQELVRQWLQH FH WHUULWRLUHSUpVHQWH
DXVVL OHV JUDGLHQWV TXL QXDQFHQW O































3D\V /RXH/LVRQ FI ILJXUH  /HV ERLVHPHQWV VRQW GRQF XQH FRPSRVDQWH HVVHQWLHOOH GX
































GHV IXWDLHVGHFKrQHVHWGHKrWUHVPpODQJpHVjGHV WDLOOLV1pDQPRLQV O¶pWDJHPHQW IRUHVWLHU










































3.1. Un réseau de chaufferies de taille modeste dans le Pays Loue-
Lison

(Q GpSLW G¶XQ QRPEUH UHODWLYHPHQW LPSRUWDQW GH FKDXIIHULHV  OH 3D\V /RXH /LVRQ QH
WRWDOLVHTX¶jSHLQHSOXVGH0:GHSXLVVDQFHFXPXOpHFIILJXUHHWWDEOHDX&HODHVW
LPSXWDEOH j O¶LPSRUWDQWH SURSRUWLRQ GH FKDXIIHULHV GH SHWLWH SXLVVDQFH 3OXV GH   GHV















FLYLOH LPPRELOLqUH 6&, (OOHV VRQW QRPEUHXVHV PDLV OHXU SXLVVDQFH PR\HQQH HVW
H[WUrPHPHQW IDLEOH GH O¶RUGUHGHN:/HGpYHORSSHPHQWGHVFKDXIIHULHV FROOHFWLYHV HVW
WUqV UpFHQWGDQV OH3D\V/RXH/LVRQSXLVTXH ODSUHPLqUHFKDXIIHULHDpWpFUppHHQFI
WDEOHDX/DFURLVVDQFHHVWHQVXLWHVRXWHQXHDYHFXQPD[LPXPGHFLQTFKDXIIHULHVFUppHV
SDUDQPD[LPXPDWWHLQWHQ1RXVQ¶DYRQVUpXVVLjREWHQLUGHVGRQQpHVGHWUDoDELOLWpGH
SODTXHWWHV IRUHVWLqUHV TXH SRXU WURLV GH FHV FKDXIIHULHV0DOEUDQV 0:2UQDQV 













$0$1&(<    3XEOLTXH &ROOHFWLIWHUWLDLUH





&+$175$16    3ULYpHSDUWLFXOLHU &ROOHFWLIWHUWLDLUH
&+$<    3XEOLTXH &ROOHFWLIWHUWLDLUH
&+28=(/27    3ULYpH6&, &ROOHFWLIWHUWLDLUH
&528=(7





)(57$16    3ULYpHSDUWLFXOLHU &ROOHFWLIWHUWLDLUH
/21*(9,//(    3ULYpHSDUWLFXOLHU &ROOHFWLIWHUWLDLUH  3ULYpHSDUWLFXOLHU
0$/%5$16    3XEOLTXH &ROOHFWLIWHUWLDLUH  3ULYpHSDUWLFXOLHU &ROOHFWLIWHUWLDLUH
0(5(<6286
0217521    3XEOLTXH &ROOHFWLIWHUWLDLUH
0217*(62<(    3ULYpH6&, &ROOHFWLIWHUWLDLUH
0287+,(5
























6$8/(6    3ULYpHSDUWLFXOLHU &ROOHFWLIWHUWLDLUH  3ULYpHSDUWLFXOLHU
7DEOHDXFDUDFWpULVWLTXHVGHVFKDXIIHULHVH[LVWDQWHVGDQVOH3D\V/RXH/LVRQ







UpDOLVHU GDQV GHV FRPPXQHV HQ D\DQW GpMj XQH RX SOXVLHXUV HWPLVH j SDUW FHOOH G¶$UFHW


















3.3. Une structure de consommation fortement polarisée par 





FKDXIIHULHV HQ IRQFWLRQQHPHQW UpSDUWLHV VXU  FRPPXQHV SRXU XQH SXLVVDQFH FXPXOpH GH
 0: $ O
H[FHSWLRQ GH OD FKDXIIHULH GH )UDQRLV PHQXLVHULH IRQFWLRQQDQW HQ
DXWRFRQVRPPDWLRQGH VHVSURSUHVFRQQH[HV OD WRWDOLWpGHVFKDXIIHULHVDSSDUWLHQW DX VHFWHXU
FROOHFWLI WHUWLDLUH ORJHPHQWV VHUYLFHV pWDEOLVVHPHQWV G
HQVHLJQHPHQW HWF &RQFHUQDQW OD
G\QDPLTXHGHODILOLqUHQRXVFRQVWDWRQVXQHIRUWHFRUUpODWLRQHQWUHG
XQHSDUWODFUpDWLRQGHV
SUHPLqUHV FKDXIIHULHV HW G
DXWUH SDUW O
DSSDULWLRQ GHV SODQV ERLVpQHUJLH HW GpYHORSSHPHQW
ORFDO LQLWLpV SDU O
$'(0( HQ  6L OD FURLVVDQFH HVW UHODWLYHPHQW IDLEOH MXVTX
HQ 
GDWH j ODTXHOOH LO Q




$YHFFKDXIIHULHV WRWDOLVDQW0:VRLWSOXVGHGH ODSURGXFWLRQGHOD&$*% OD




GpYHORSSHPHQW GXUDEOHPDvWULVH pQHUJpWLTXH HWF$ HOOHV GHX[ OHV FKDXIIHULHV GH 3ODQRLVH










¬ O¶pFKHOOH GH OD &$*% OHV FLQT
FKDXIIHULHV OHVSOXVPRGHVWHVLQIpULHXUHVj
 N: RQW XQHPDLWULVH G
RXYUDJH SULYpH
HW VHUYHQW DX FKDXIIDJH GH ORJHPHQWV
FROOHFWLIV FI WDEOHDX  1RXV QH
GLVSRVRQVG
DXFXQHLQIRUPDWLRQVXUOHVW\SHVGHFRPEXVWLEOHVFRQVRPPpVSDUFHVWUqVSHWLWHV





SXLVVDQFH OD GDWH GH PLVH HQ VHUYLFH HW OD FRQVRPPDWLRQ HQ WRQQHV pTXLYDOHQW SpWUROH
FDOFXOpHSDU O
$'(0($XGHOj GHN: OHVPDLWUHV G
RXYUDJH VRQW HVVHQWLHOOHPHQW GHV
FROOHFWLYLWpVFRPPXQHVHWGHVEDLOOHXUVVRFLDX[2IILFH'pSDUWHPHQWDOGHV+/01pROLD

















$8;21'(6686    &ROOHFWLIWHUWLDLUH 1RQFRPPXQLTXp
%(6$1&21

  &ROOHFWLIWHUWLDLUH 3ULYpHSDUWLFXOLHU
%(6$1&21   &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
%(6$1&21   &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
%(6$1&21   &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
%(6$1&21   &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
%(6$1&21   &ROOHFWLIWHUWLDLUH %DLOOHXUVVRFLDX[
%(6$1&21   &ROOHFWLIWHUWLDLUH %DLOOHXUVVRFLDX[
%(6$1&21   &ROOHFWLIWHUWLDLUH 3XEOLTXHXQLYHUVLWp













%(6$1&21    &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
%5$,//$16    &ROOHFWLIWHUWLDLUH 3ULYpHSDUWLFXOLHU
%86<    &ROOHFWLIWHUWLDLUH 3ULYpHSDUWLFXOLHU
)217$,1    &ROOHFWLIWHUWLDLUH 3ULYpHSDUWLFXOLHU
)5$12,6    ,QGXVWULHO 3ULYpHLQGXVWULHGXERLV
*(11(6    &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
0$0,52//(    &ROOHFWLIWHUWLDLUH 3ULYpHHQWUHSULVH
1$1&5$<    &ROOHFWLIWHUWLDLUH 3XEOLTXHFRPPXQH
129,//$56    &ROOHFWLIWHUWLDLUH %DLOOHXUVVRFLDX[
6$21(    &ROOHFWLIWHUWLDLUH %DLOOHXUVVRFLDX[
7+25$,6(    &ROOHFWLIWHUWLDLUH 3ULYpHSDUWLFXOLHU

7DEOHDXFDUDFWpULVWLTXHVGHVFKDXIIHULHVGHOD&$*%






RXYUDJH QRXV D SHUPLV G






GHV LQFHUWLWXGHV ,O V
DJLW HQJUDQGHPDMRULWp GHSURMHWV j O










ERLV DFWXHOOH/HVSURMHWV SUpYXVGDQV OH FDGUHGHV ]RQHVG




Application à deux terrains d’étude, résultats et discussion 
_____________________________________________________________________________________________________ 























LPSRUWDQWV FRQWUDVWHV WDQWSRXUFHTXL HVWGH
OHXUSURILOWHUULWRULDOTXHSRXUFHTXLHVWGHOHXUpTXLSHPHQWHQFKDXIIHULHVERLVDFWXHOOHVRX
HQSURMHW&HVGLIIpUHQFHVVRQWLQWpUHVVDQWHVjPDLQWVpJDUGVHWELHQTXHQRXVQHGLVSRVLRQV
SDV GH GRQQpHV H[KDXVWLYHV FRQFHUQDQW OD WUDoDELOLWp GHV SODTXHWWHV SRXU OD WRWDOLWp GHV
FKDXIIHULHVGHVGHX[WHUULWRLUHVLOVHUDSHXWrWUHSRVVLEOHGHWLUHUGHVFRQFOXVLRQVLQWpUHVVDQWHV
VXU OHV SUDWLTXHV G










SKpQRPqQHV GH FRQFXUUHQFH VSDWLDOH UHFRXYUHPHQW GHV DLUHV GH FKDODQGLVH HQWUH FHV
GHUQLqUHV"















HW DVSDWLDX[ /HV IDFWHXUV DVSDWLDX[ V
LQVFULYHQW GDQV GHV ORJLTXHV pFRQRPLTXHV HW
V¶DSSUpKHQGHQW DX WUDYHUV GHV MHX[ HW VWUDWpJLHV G¶DFWHXUV $LQVL HQ PLOLHX UXUDO
©O¶DSSURYLVLRQQHPHQWHQFRPEXVWLEOHILQLGHVSDUWLFXOLHUVHWGHVFROOHFWLYLWpVHVWSRXUERQQH
SDUWLHOLpDXUpVHDXUHODWLRQQHORXERXFKHjRUHLOOHHWjODVHQVLELOLWpSRXUOHGpYHORSSHPHQW
ORFDO&HV SDUDPqWUHV RQWPRLQV G¶LPSRUWDQFH GDQV OH FDV GHV FKDXGLqUHV G¶LQGXVWULHV HW GH
FROOHFWLYLWpVHQPLOLHXXUEDLQGRQWO¶DSSURYLVLRQQHPHQWHVWG¶DLOOHXUVSOXVIUpTXHPPHQWJpUp
SDU GHV H[SORLWDQWV SULYpVª 3URMHW%(1(),76 'DQV OH FDGUH GH FHV WUDYDX[
QRXVDYRQVFKRLVLG¶DERUGHUOHVDSSURYLVLRQQHPHQWVVRXVXQDQJOHGLIIpUHQWHQpWXGLDQWOHXU




VSDWLDOHV HQWUH GHV OLHX[ GH SURGXFWLRQ IRUrWV HW GHV OLHX[ GH FRQVRPPDWLRQ FKDXIIHULHV
3RXU DSSUpKHQGHU FHV LQWHUDFWLRQV GHV DQDO\VHV VRQW HIIHFWXpHV j SDUWLU GHV GRQQpHV GH
WUDoDELOLWp IRXUQLHV SDU21)eQHUJLH HW O¶HQWUHSULVH*LUDUG HQWUHSULVH GH WUDYDX[ IRUHVWLHUV
ORFDOLVpHj)HUWDQV/HVGRQQpHVGHWUDoDELOLWpUHSUpVHQWHQWO¶RULJLQHHWO¶LPSRUWDQFHGHVIOX[
GH SODTXHWWHV IRUHVWLqUHV 8Q FHUWDLQ QRPEUH GH FDUDFWqUHV WUDQVSDUDLVVHQW SOXV RX PRLQV
LPSOLFLWHPHQW OLHX[ G¶RULJLQH HW GH GHVWLQDWLRQ LPSRUWDQFH GHV LQWHUDFWLRQV GLVWDQFHV
SDUFRXUXHV /
DQDO\VH GH FHV GRQQpHV QRXV SHUPHW GDQV XQ SUHPLHU WHPSV G
pWXGLHU OD














x OHVTXDQWLWpVGHSODTXHWWHV IRUHVWLqUHV DFKHPLQpHV TXL UHSUpVHQWHQW O
LPSRUWDQFHGHV
IOX[ HW TXL GDQV XQH ORJLTXH JUDYLWDLUH VRQW OLpHV j OD GLVWDQFH VpSDUDQW OHV OLHX[
G





1RWUH SULQFLSDO REMHFWLI HVW G¶HVVD\HU G¶H[SOLTXHU OD FRPSRVDQWH VSDWLDOH GHV SURFHVVXV
G
DSSURYLVLRQQHPHQW HQ LGHQWLILDQW OHV YDULDEOHV OHV SOXV SHUWLQHQWHV SXLV GH IRUPDOLVHU OHV
UHODWLRQVTXLOHVXQLVVHQW1RXVQRXVLQWHUURJHRQVQRWDPPHQWVXUOHU{OHGHVPDVVHVHWGHOD




1.1. Géoréférencement des lieux d'origine et de destination 

eWDSH SUpDODEOH OH JpRUpIpUHQFHPHQW SHUPHW LFL GH FDOFXOHU OHV GLVWDQFHV VpSDUDQW OHV OLHX[
G¶RULJLQH HW GH GHVWLQDWLRQ &HWWH pWDSH SHXW V¶DYpUHU SUREOpPDWLTXH VL OD ORFDOLVDWLRQ GX
FKDQWLHU IRUHVWLHU Q
HVW GpVLJQpH TXH SDU XQ QRP GH FRPPXQH RX SDU OH QRP G
XQ PDVVLI
©IRUrW GH&KDX[ª ©IRUrW GH&KDLOOX]ª&HW DVSHFW HVW G¶DXWDQW SOXV LPSRUWDQW TXH O¶RQ
UDLVRQQHjO¶pFKHOOHORFDOHGDQVXQHRSWLTXHGHPLQLPLVDWLRQGHVGLVWDQFHVGHWUDQVSRUWVHWTXH
OHV IRUrWV VRQW YDVWHV  OHV ELDLV LQKpUHQWV j O¶LPSUpFLVLRQ GHV ORFDOLVDWLRQV GRLYHQW rWUH
pOLPLQpVGDQVODPHVXUHGXSRVVLEOH3RXUOHVRULJLQHVGpVLJQpHVSDUXQHFRPPXQHQRXVOHXU
DYRQV DWWULEXp SDU GpIDXW OHV FRRUGRQQpHV GX FHQWURwGH GX EDQ FRPPXQDO &HWWH PpWKRGH
SUpVHQWHGHVELDLVGDQVODPHVXUHROHFHQWURwGHGHODFRPPXQHQ¶HVWSDVIRUFpPHQWERLVp








REWHQXVDYHFXQIOX[XQLTXHD\DQWSRXURULJLQH OHEDU\FHQWUHGXPDVVLI¬ WLWUH LQGLFDWLI OD
GLVWDQFHSDUODURXWHHQWUHXQSRLQWORFDOLVpjO¶RXHVWGHODIRUrWGH&KDX[HWODFKDXIIHULHERLV





DX[ EDU\FHQWUHV GHV PDVVLIV IRUHVWLHUV QRXV REWHQRQV GHV GLVWDQFHV LQWHUPpGLDLUHV 6L OHV
SUpOqYHPHQWV VH IRQWGH IDoRQXQLIRUPH VXU O¶HQVHPEOHGXPDVVLI OHVELDLV LPSXWDEOHV j OD
GLVWDQFHSDUFRXUXHVRQWOLPLWpV'DQVOHFDVG¶XQHFRQFHQWUDWLRQGHVSUpOqYHPHQWVjO¶XQHGHV
H[WUpPLWpVGXPDVVLI OH UHFRXUVXQH WHOOHPpWKRGHSHXW IDXVVHU OHV UpVXOWDWVSDU UDSSRUWDX[
WUDMHWV UpHOOHPHQW HIIHFWXpV(Q UDLVRQGXPDQTXHG





1.2. Quelle distance pour quel réseau de transport ? 












/HV GLVWDQFHV HXFOLGLHQQHV VRQW FRPPXQpPHQW XWLOLVpHV SRXU O











VXUIDFHSOXVRXPRLQV FLUFXODLUH FHQWUpH VXU OH OLHXGHGHVWLQDWLRQ ILJXUHSDJH&H
W\SHGHGLVWDQFHSHXWQpDQPRLQVSUpVHQWHUGHVELDLV2UGDQVXQHRSWLTXHG¶DQDO\VHVSDWLDOHj
JUDQGH pFKHOOH LO FRQYLHQW G¶rWUH OH SOXV SUpFLV SRVVLEOH'HVPHVXUHV GH GLVWDQFHVUpVHDX
EDVpHVSDUH[HPSOHVXUOHUpVHDXURXWLHUGHOD%'&DUWRSHUPHWWHQWXQHPHVXUHSOXVILQHGHOD
GLVWDQFH +DPPRQJHW0F&XOODJK2QSHXWGpULYHUGHFHVGLVWDQFHVGHVPHVXUHVGH










FDUDFWpULVp SDU XQH WUqV IRUWH SUpYDOHQFH GH OD YRLH URXWLqUH SRXU OH WUDQVSRUW GX ERLV




XQH UXSWXUH GH FKDUJH OH WUDQVSRUW URXWLHU LQWHUYHQDQW GHPDQLqUH TXDVL V\VWpPDWLTXH SRXU
O¶DFKHPLQHPHQWGXERLVGHSXLVODIRUrWMXVTX¶jODYRLHIHUUpHSXLVYHUVODFKDXIIHULH'¶DSUqV
%RXUFHWHWDOOHUDLOGHYLHQWpFRQRPLTXHPHQWLQWpUHVVDQWjSDUWLUGHNP'DQVXQH
RSWLTXH GH GpYHORSSHPHQW HW GH YDORULVDWLRQ GHV UHVVRXUFHV ORFDOHV LQGXLVDQW a priori XQH
PLQLPLVDWLRQGHVGLVWDQFHVGH WUDQVSRUW LO HVWSHXSUREDEOHTXH OH WUDQVSRUWSDUYRLH IHUUpH









/H WUDQVSRUW GX ERLV HPSUXQWH XQ UpVHDX URXWLHU YDULp  SLVWHV HW URXWHV IRUHVWLqUHV SRXU
O¶H[WUDFWLRQGHODUHVVRXUFHYRLHVUXUDOHVFRPPXQDOHVRXGpSDUWHPHQWDOHVVHFRQGDLUHV
LWLQpUDLUHVGHJUDQGHFLUFXODWLRQ %RXUFHWHW DO ,OQ¶\DGRQFa priori SDVEHVRLQGH
KLpUDUFKLVHUOHUpVHDXURXWLHUSRXUOHFRQWUDLQGUHjFKRLVLUSUpIpUHQWLHOOHPHQWOHVJUDQGVD[HV
GHWUDQVSRUW'¶DXWDQWTX¶XQFHUWDLQQRPEUHGHFKDXIIHULHVVHVLWXHQWHQPLOLHXUXUDOORLQGHV





GH JUXPHV QpFHVVLWDQW GHV YpKLFXOHV KRUV JDEDULW HVW VRXPLV j GHV FRQWUDLQWHV LWLQpUDLUHV
©ERLVURQGVLGHQWLILpVSDUDUUrWSUpIHFWRUDOGpSDUWHPHQWDO&HFDVQHQRXVFRQFHUQHSDVGDQV
ODPHVXUHROHVJUXPHVQHVRQWSDVGHVWLQpHVjrWUHWUDQVIRUPpHVHQSODTXHWWHVIRUHVWLqUHV/D
KLpUDUFKLVDWLRQ GX UpVHDX SHXW QpDQPRLQV V¶DYpUHU XWLOH SRXU OD GpILQLWLRQ GH O¶DFFHVVLELOLWp
DX[UHVVRXUFHVHWDX[FKDXIIHULHVDLQVLTXHSRXUODGpWHUPLQDWLRQGXFRHIILFLHQWGHIULFWLRQGH
ODGLVWDQFHSDUH[HPSOHXQJUDQGD[HGHW\SHYRLHVDXQHIULFWLRQPRLQGUHTX¶XQHYRLH









FKDXIIHULHVSUpVHQWHVVXU ODFRPPXQHGH%HVDQoRQVRLWXQ WRWDOGHSUHVTXH0: O¶DXWUH
FRQFHUQH XQ UpVHDX GH WURLV FKDXIIHULHV HQ VHFWHXU UXUDO SRXU XQH SXLVVDQFH FXPXOpH GH 











DSSURYLVLRQQHPHQW LO IDXW rWUH SUXGHQW TXDQW j O
LQWHUSUpWDWLRQ GHV
UpVXOWDWV/DJUDQGHPDMRULWpGHVVRFLpWpVG¶DSSURYLVLRQQHPHQWTXHQRXVDYRQVFRQWDFWpHVHQ
YXH G¶REWHQLU GHV GRQQpHV GH WUDoDELOLWp RQW UHIXVp GH QRXV WUDQVPHWWUH O¶LQIRUPDWLRQ /H
SULQFLSDO DUJXPHQW DYDQFp pWDLW XQH FUDLQWH GH GLIIXVLRQ GH OHXU VWUDWpJLH GH
FRPPHUFLDOLVDWLRQ OHPLOLHX pWDQW IRUWHPHQW FRQFXUUHQWLHO'¶DXWUHV VRFLpWpV RQW DIILUPpQH
SDVGLVSRVHUGHWUDoDELOLWpGHOHXUSURGXLWHQUDLVRQGHO¶LPSRUWDQFHGHODVRXVWUDLWDQFHHWGX
JUDQG QRPEUH G¶LQWHUPpGLDLUHV LQWHUYHQDQW GDQV OD FKDvQH G¶DSSURYLVLRQQHPHQW /HV GHX[








MHX[ GH GRQQpHV TXH QRXV DYRQV REWHQXV QH UHIOqWHQW GRQF TX
XQ VRXVHQVHPEOH GHV




2.2. Intensité et portée des interactions en fonction de la puissance 



















GH OD IRUrW GH &KDLOOX] /D SRUWpH GHV IOX[ HVW HQ HIIHW EHDXFRXS SOXV YDVWH DYHF XQ
UD\RQQHPHQWUpJLRQDO(QGHKRUVGHODIRUrWGH&KDLOOX]TXLV¶pWHQGVXUSOXVLHXUVFRPPXQHV
LO Q¶\ D SDV GH VHFWHXUV SRXUYR\HXUV GH ERLVpQHUJLH DX VHLQ GH OD FRPPXQDXWp
G¶DJJORPpUDWLRQ j O¶H[FHSWLRQ GHV ]RQHV GpERLVpHV j SUR[LPLWp GX FKDQWLHU GH OD OLJQH j
JUDQGH YLWHVVH RX GH OD IXWXUH FDVHUQH GH SRPSLHUV j %HVDQoRQ &H W\SH G¶DPpQDJHPHQW
LPSOLTXDQW O¶H[SORLWDWLRQ G¶LPSRUWDQWHV TXDQWLWpV GH ERLV QH V¶LQVFULW SDV GDQV XQH ORJLTXH
G¶H[SORLWDWLRQ SODQLILpH VXU OH ORQJ WHUPH HW FRUUHVSRQG GRQF j XQH RIIUH SRQFWXHOOH
GLIILFLOHPHQWPRGpOLVDEOH
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/¶DQDO\VH GHV GRQQpHVPHW HQ pYLGHQFH O¶LPSRUWDQFH GH OD PDVVH GHV JURVVHV IRUrWV TXL
DSSDUDLVVHQWFRPPHGHVOLHX[SUpIpUHQWLHOVSRXUO¶DOLPHQWDWLRQGHVFKDXIIHULHVELVRQWLQHV/HV
IRUrWV GH &KDX[ HW GH &KDLOOX] UHSUpVHQWHQW  WRQQHV GH PDWLqUH VqFKH LVVXHV GH 
FKDQWLHUVGLIIpUHQWVVRLWXQWLHUVGHVSODTXHWWHVIRUHVWLqUHVFRQVRPPpHV/HVWURLVSULQFLSDOHV
VRXUFHV GHSODTXHWWHV IRUHVWLqUHV GH)HUWDQV VRQW OHV IRUrWV SULYpHV GH5RQFKDX[&KkWLOORQ













2XWUH OHV IRUrWV GH &KDLOOX] HW GH &KDX[ TXL FRQVWLWXHQW OHV SULQFLSDOHV VRXUFHV
G









6L OD GLIIpUHQFH HQWUH FHV GHX[ VLWXDWLRQV SHXW V¶H[SOLTXHU SDU OD WDLOOH GHV FKDXIIHULHV j
DOLPHQWHU DLQVL TXH SDU OD SUpVHQFH G¶LPSRUWDQWV PDVVLIV IRUHVWLHUV OH VWDWXW GHV GHX[
HQWUHSULVHVSHXW pJDOHPHQW H[SOLTXHU FHUWDLQHV SUDWLTXHV GLIIpUHQFLpHV VH UpSHUFXWDQW VXU OHV
IOX[ 21) eQHUJLH HVW XQH ILOLDOH G¶21) GRQW OH U{OH HVW GH JpUHU HW G¶H[SORLWHU OD IRUrW
SXEOLTXH IUDQoDLVH HOOH DSDU FRQVpTXHQWXQ UD\RQG¶DFWLRQ HW GHVPR\HQV WUqV LPSRUWDQWV
DORUVTXHODVRFLpWp*LUDUGHVWXQHSHWLWHHQWUHSULVHGHWUDYDX[IRUHVWLHUVDYHFGHVPR\HQVSOXV














/¶DQDO\VH GH OD VWUXFWXUH GH FRQVRPPDWLRQ HIIHFWXpH HQ )UDQFKH&RPWp GDQV OD SUHPLqUH
SDUWLH DPLV HQ pYLGHQFHXQH IRUWHKpWpURJpQpLWp WDQW DXQLYHDXTXDOLWDWLI W\SHGHPDvWULVH
G¶RXYUDJH TXH TXDQWLWDWLI QLYHDX GH SXLVVDQFH 'DQV OH FDGUH GH FHV WUDYDX[ QRXV QRXV




SRXYDLW LQGXLUH GHV GLIIpUHQFLDWLRQV GDQV OHV SUDWLTXHV G¶DSSURYLVLRQQHPHQW $ORUV TXH
FHUWDLQHV VRFLpWpV G¶DSSURYLVLRQQHPHQW GH FKDXIIHULHV GH WDLOOH PRGHVWH DIILUPDLHQW TXH OD
UpGXFWLRQ GHV GLVWDQFHV GH WUDQVSRUW HW OD YDORULVDWLRQ GHV UHVVRXUFHV ORFDOHV pWDLHQW GHV
SULRULWpV OHV FHQWUDOHV GH FRJpQpUDWLRQ HQ SURMHW Q¶KpVLWDLHQW SDV j SUpOHYHU GHV UHVVRXUFHV
GDQV SOXVLHXUV UpJLRQV %LHQ TXH OD GLIIpUHQFH HQWUH FHV GHX[ W\SHV G¶LQVWDOODWLRQ VRLW VDQV
FRPPXQHPHVXUHHWTXHQRXVQ¶D\RQVSDVSXDYRLUGDYDQWDJHGHUHQVHLJQHPHQWVHQUDLVRQGX
PDQTXHGHFRRSpUDWLRQGHVPDvWUHVG¶RXYUDJHVHWVRFLpWpVG¶DSSURYLVLRQQHPHQWQRXVDYRQV
SRVp O¶K\SRWKqVH TXH OD WDLOOH GX
EDVVLQ G¶DSSURYLVLRQQHPHQW pWDLW
GDQV XQH FHUWDLQH PHVXUH FRUUpOpH
j OD SXLVVDQFH GH O¶LQVWDOODWLRQ
'DQVOHFDVSUpVHQWODVWUXFWXUHGH
FRQVRPPDWLRQ ELVRQWLQH
FKDXIIHULH GH 3ODQRLVH  SHWLWHV
FKDXIIHULHV PXQLFLSDOHV HVW VHSW
IRLV SOXV LPSRUWDQWH TXH OHV WURLV
FKDXIIHULHV UpXQLHV GX 3D\V /RXH
/LVRQ/DIRUPHJpQpUDOHGHVDLUHV
G¶DSSURYLVLRQQHPHQW GH FHV GHX[
VWUXFWXUHVHVWjSUHPLqUHYXHOLpHj
O¶LPSRUWDQFHGH OHXUSXLVVDQFHFI
ILJXUH  /D SUpVHQFH
G
LPSRUWDQWV PDVVLIV IRUHVWLHUV j
SUR[LPLWp VHPEOH QpDQPRLQV DYRLU




































6HUUHOHV6DSLQV &KHPDXGLQ %RXVVLqUHV 2VVHOOH HWF j O¶H[FHSWLRQ GH )UDQRLV GpMj
H[SORLWpHSUpVHQWHQWG¶LPSRUWDQWHV]RQHVERLVpHVHWSHXGHFRQWUDLQWHVWRSRJUDSKLTXHV3OXV
SURFKHV TXH OD )RUrW GH &KDX[ HW PrPH TXH GH OD )RUrW GH &KDLOOX] pWDQW GRQQp OD
ORFDOLVDWLRQ GH OD FKDXIIHULH GH 3ODQRLVH FHV PDVVLIV GH PRLQGUH LPSRUWDQFH SRXUUDLHQW
FRQVWLWXHU XQ JLVHPHQW GH ERLVpQHUJLH LQWpUHVVDQW %LHQ TXH FHV PDVVLIV VRLHQW GHV IRUrWV
FRPPXQDOHV HW TXH SDU FRQVpTXHQW O¶H[SORLWDWLRQ SRXUUDLW HQ rWUH IDFLOLWpH pWDQW GRQQp
TX¶21) eQHUJLH HVW DIILOLpH j XQ DFWHXU SXEOLF FH TXL SRXUUDLW DFFURvWUH OHV V\QHUJLHV
G¶DFWLRQVHQIRUrWSXEOLTXHODSUpVHQFHGHJURVEORFVIRUHVWLHUVG¶XQVHXOWHQDQWVHPEOHMRXHU
XQH LPSRUWDQFH GDQV OHV DSSURYLVLRQQHPHQWV GH OD FKDXIIHULH GH 3ODQRLVH TXL GH IDLW QH
GpFURLVVHQWSDVUpJXOLqUHPHQWDYHFO¶pORLJQHPHQW




$ILQ G¶HVWLPHU OD UHODWLRQ HQWUH O¶LQWHQVLWp GHV IOX[ HW O¶pORLJQHPHQW SDU UDSSRUW DX OLHX GH










FRQWUDLQWHVG¶H[SORLWDWLRQ pWDLHQW OHVPrPHVSDUWRXW QRXV DXULRQV ORJLTXHPHQW REVHUYpXQH
GpFURLVVDQFH UpJXOLqUHGH O¶LQWHQVLWpGHV IOX[ UpSRQGDQW jXQH ORJLTXH GHPLQLPLVDWLRQGHV
GLVWDQFHV GH WUDQVSRUW HW GH PD[LPLVDWLRQ GHV SURILWV XQ SHX GDQV O¶HVSULW GX PRGqOH
G¶DIIHFWLRQDJULFROHGpYHORSSpSDU -+9RQ7KQHQGDQV OHVDQQpHV0DLV O¶HVSDFH
JpRJUDSKLTXH Q¶pWDQW SDV LVRWURSH HW OHV HVSDFHV ERLVpV D\DQW XQH HPSULVH VSDWLDOH
KpWpURJqQH OHV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV QH UpSRQGHQW SDV IRUFpPHQW j
FHWWH ORJLTXHPrPH VL OD ILJXUHPRQWUHJOREDOHPHQWXQHGpFURLVVDQFHGH O¶LQWHQVLWpGHV
LQWHUDFWLRQV VXU OHV ORQJXHV GLVWDQFHV DXGHOj GH  RX  NP /D GpFURLVVDQFH GHV
LQWHUDFWLRQV HVW SOXV IRUWH SRXU OHV WURLV FKDXIIHULHV GX3D\V/RXH/LVRQ SXLVTXHGHV
UHVVRXUFHVVHVLWXHQWGDQVXQUD\RQGHNPjYROG¶RLVHDX&HODFRQIRUWHODIRUPHJpQpUDOH




WDEOHDX[  HW  6HXOHPHQW   GHV SODTXHWWHV DFKHPLQpHV YHUV )HUWDQV HQYLURQ 
WRQQHVRQWpWpH[SORLWpHVjSOXVGHNPFRQWUHXQWLHUVGHVSODTXHWWHVFRQVRPPpHVVXUOH






/HV DSSURYLVLRQQHPHQWV GHV FKDXIIHULHV ELVRQWLQHV DOODQW DXGHOj GH OD ]RQH G¶pWXGH VXU
ODTXHOOHQRXVDYRQVWUDYDLOOpGDQVOHFKDSLWUHFHODQRXVREOLJHjPRELOLVHUG¶DXWUHVVRXUFHV
GH GRQQpHV SRXU HVWLPHU OD ©PDVVHª GH QRV OLHX[ G¶RULJLQH /¶REMHFWLI pWDQW GHPHWWUH HQ
pYLGHQFHXQ pYHQWXHO U{OH VWUXFWXUDQW GHV LPSRUWDQWHVPDVVHV IRUHVWLqUHV QRXV DYRQV FKRLVL
G¶XWLOLVHU OD FRXYHUWXUH IRUHVWLqUH GH &RULQH /DQG &RYHU FODVVHV    HW 
FRUUHVSRQGDQWUHVSHFWLYHPHQWDX[IRUrWVGHIHXLOOXVGHFRQLIqUHVDX[IRUrWVPpODQJpHVHWDX[















/¶LQWHQVLWpHW ODSRUWpHGHV LQWHUDFWLRQVQHGpFURLVVDQWSDV UpJXOLqUHPHQWDYHF ODGLVWDQFH LO
QRXVDVHPEOpSHUWLQHQWGHWHVWHUSOXVLHXUVLQGLFDWHXUVGHVWUXFWXUHIRUHVWLqUHDILQG¶DQDO\VHUOH
U{OH GH FHWWH GHUQLqUH /¶LPSRUWDQFH GX FRXYHUW IRUHVWLHU SHXW V¶DSSUpKHQGHU DX PR\HQ GH
GHX[ LQGLFDWHXUV OD VXSHUILFLH ERLVpH PHVXUH DEVROXH H[SULPpH HQ KD HW OH WDX[ GH
ERLVHPHQWPHVXUHUHODWLYHSDUUDSSRUWjODVXSHUILFLHFRPPXQDOH1¶XWLOLVHUTXHOHWDX[GH
ERLVHPHQW SRXUFDUDFWpULVHU OD©PDVVHªGHV OLHX[G¶RULJLQHQ¶HVWSDVVDWLVIDLVDQWPrPHVL
F
HVW XQPR\HQ DLVp GH FRPSDUHU O
HPSULVH UHODWLYH GX FRXYHUW ERLVp (Q HIIHW XQH ]RQH$





%LHQ TXH FHV GHX[ LQGLFDWHXUV VRLHQW UpYpODWHXUV GH O¶LPSRUWDQFH GX FRXYHUW IRUHVWLHU HWa
fortioriGHODPDVVHpQHUJLVDEOHLODSSDUDvWQpDQPRLQVLQWpUHVVDQWGHFRPSOpWHUFHWLQGLFDWHXU
GHFRPSRVLWLRQSDUGHV LQIRUPDWLRQV VXU ODFRQILJXUDWLRQGHVHVSDFHVERLVpV(WFHG¶DXWDQW





/DPHVXUHGH OD IUDJPHQWDWLRQ HVW XQ LQGLFDWHXU HVVHQWLHO GH OD VWUXFWXUH GXSD\VDJH HW GX
FRXYHUWIRUHVWLHUODUJHPHQWXWLOLVpHQpFRORJLHGXSD\VDJHSRXUO¶DQDO\VHGHVGpSODFHPHQWVHW
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GHVPRGHV GH YLH GHV FRPPXQDXWpV DQLPDOHV 8Q ODUJH SDQHO G¶LQGLFDWHXUV SOXV RXPRLQV
FRPSOH[HVDpWpGpYHORSSpSHUPHWWDQWG¶DSSUpKHQGHUODIUDJPHQWDWLRQRXO¶KRPRJpQpLWpGHV
PLOLHX[ QDWXUHOV 3DU FRQVpTXHQW LO SHXW rWUH LQWpUHVVDQW SRXU QRXV G¶DQDO\VHU OD VWUXFWXUH
IRUHVWLqUHDXPR\HQGHFHVLQGLFDWHXUVHWGHOHVPHWWUHHQSDUDOOqOHDYHFG¶DXWUHVPHVXUHVGHV
PLOLHX[ IRUHVWLHUV LQGLFDWHXUV GH FRPSRVLWLRQ $SUqV DYRLU HIIHFWXp XQH UHYXH
ELEOLRJUDSKLTXHQRXVDYRQVRSWpSRXUGHVLQGLFDWHXUVVLPSOHVHWDYRQVFDOFXOp
x OH QRPEUH GH WDFKHV SHUPHWWDQW G¶DYRLU XQH YLVLRQ UDSLGH GX GHJUp GH IUDJPHQWDWLRQ
IRUHVWLqUH
x OD GHQVLWp GH WDFKHV SDWFK GHQVLW\ UHSUpVHQWDQW OH UDSSRUW GX QRPEUH GH WDFKHV VXU OD




GX FRXYHUW ERLVp GH IRUWHV YDOHXUV SRXYDQW rWUH UpYpODWULFHV G¶XQ FRXYHUW IRUHVWLHU
FRPSDFWHWUHODWLYHPHQWSHXIUDJPHQWp
x ODWDLOOHPLQLPDOHGHVSRO\JRQHVSUpVHQWVVXUFKDTXHHVSDFH'DQVQRWUHFDVFHWLQGLFDWHXU
Q¶HVW SDV UpYpODWHXU GH IUDJPHQWDWLRQ GDQV OD PHVXUH R O¶LQWHUVHFWLRQ GHV SRO\JRQHV
IRUHVWLHUVDYHF OHV OLPLWHVFRPPXQDOHVGRQQH WUqV VRXYHQW OLHXjGH WUqVSHWLWH WDLOOHVGH
SRO\JRQHV
x OD WDLOOHGH ODSOXVJUDQGH WDFKHSHUPHWG¶LGHQWLILHU ODSUpVHQFHGHYDVWHVHVSDFHVERLVpV
QRQ IUDJPHQWpV (OOH SHXW rWUH XQ ERQ LQGLFDWHXU GX GHJUp GH IUDJPHQWDWLRQ GHV PLOLHX[
IRUHVWLHUVHWVHUWDXFDOFXOGXlargest patch indexLQGLFDWHXUPHVXUDQWODSDUWGHODWDLOOHOD
SOXV ODUJHSDUUDSSRUWj ODVXSHUILFLHGH OD]RQHG¶pWXGH%LHQTXHVHPHVXUDQWXVXHOOHPHQW
SDUUDSSRUWjG¶DXWUHVFODVVHVG¶RFFXSDWLRQGXVROHQSHUPHWWDQWGHGpWHUPLQHUODGRPLQDQFH
G¶XQHFODVVHGDQVOHSD\VDJHQRXVO¶XWLOLVRQVLFL$VVRFLpDYHFOHQRPEUHGHWDFKHVLOSHUPHW
G¶pYDOXHU OH GHJUp GH IUDJPHQWDWLRQ RX DX FRQWUDLUH G¶DJUpJDWLRQ GX PLOLHX IRUHVWLHU OHV
QLYHDX[ OHV SOXV pOHYpV FRUUHVSRQGDQW DX[ KDELWDWV OHV SOXV YDVWHV /¶HQVHPEOH GH FHV
LQGLFDWHXUVDpWpUHSRUWpGDQVOHVWDEOHDX[HW
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 FODVVHV   HW  /HV VXSHUILFLHV FDUWRJUDSKLpHV VRQW VXSpULHXUHV j  KD 3RXU GHV UDLVRQV
WHFKQLTXHV WHPSV GH FDOFXO UDFFRXUFLV QRXV DYRQV SULYLOpJLp FH W\SH GH GRQQpHV SDU UDSSRUW j OD FRXFKH





Application à deux terrains d’étude, résultats et discussion 
_____________________________________________________________________________________________________ 

'DQV OH WDEOHDX  3ODQRLVH LO \ D HQ HIIHW XQH SURSRUWLRQ UHODWLYHPHQW IDLEOH  GH
SODTXHWWHVIRUHVWLqUHVDFKHPLQpHVjO¶LQWpULHXUG¶XQUD\RQGHjNPHQGpSLWG¶XQWDX[GH
ERLVHPHQWGH/D WDLOOHPR\HQQHGHV WDFKHVDVVH]IDLEOHDLQVLTX¶XQHIRUWHGHQVLWpGH
WDFKHV WpPRLJQHQW G¶XQ FRXYHUW ERLVp DVVH] IUDJPHQWp HW SHXW H[SOLTXHU HQ SDUWLH FH
SKpQRPqQH O¶DXWUH H[SOLFDWLRQ pWDQW OD SUR[LPLWp GH WUqV JURV PDVVLIV H[SORLWpV GH IDoRQ




,O \ D DXVVL GHV SKpQRPqQHV TXL QH V¶H[SOLTXHQW SDV SDU OD VLPSOH SUR[LPLWp RX OD
FRQILJXUDWLRQGXFRXYHUWIRUHVWLHU$LQVLFRPPHQWH[SOLTXHUTXHGDQVOHWDEOHDX)HUWDQV
DXFXQHVRXUFHGHFRPEXVWLEOHVQHSURYLHQQHG¶XQLQWHUYDOOHFRPSULVHQWUHHWNPDORUV
TXH  GHV SODTXHWWHV DFKHPLQpHV VRQW VLWXpHV HQWUH  HW  NP GH OD SODWHIRUPH GH
)HUWDQVFI ILJXUH  VXU OHV SURSRUWLRQV GH FRPEXVWLEOHV DFKHPLQpV SDU JUDGLHQW
G
pORLJQHPHQW " &RPPHQW H[SOLTXHU pJDOHPHQW TXH SUHVTXH OD PRLWLp GHV FRPEXVWLEOHV
SURYLHQQHGHjNPDORUVTXHOHVUHVVRXUFHVOLJQHXVHVORFDOLVpHVGDQVXQLQWHUYDOOHGH
GLVWDQFH DOODQW GH  j  NP VRQW SOXV LPSRUWDQWHV WDX[ GH ERLVHPHQW GH  HWPRLQV
IUDJPHQWpHV OD WDLOOHPR\HQQHGHV WDFKHVGpSDVVDQWKDHW OD WDFKH ODSOXV LPSRUWDQWH
FRXYUDQW SUHVTX
XQ WLHUV GH OD VXSHUILFLH GH FHWWH ]RQH " &HOD SHXW V¶H[SOLTXHU SDU GHV
SDUDPqWUHVGLIILFLOHPHQWPRGpOLVDEOHVLFLFRPPHGHVUHODWLRQVLQWHUSHUVRQQHOOHVSULYLOpJLpHV
HQWUHGHX[W\SHVG¶DFWHXUVQpFHVVLWDQWGHVHQWUHWLHQVDYHFFHVGHUQLHUV
3RXU OHV GHX[ VWUXFWXUHV OHV ]RQHV SUpVHQWDQW OHV WDX[ GH ERLVHPHQW OHV SOXV pOHYpV HW OHV
FRQILJXUDWLRQVa prioriOHVSOXVIDYRUDEOHVIDLEOHVYDOHXUVGHGHQVLWpGHWDFKHVIRUWHVYDOHXUV
GHWDLOOHPR\HQQHGHWDFKHVHWLPSRUWDQFHGHODWDFKHODSOXVYDVWHSDUUDSSRUWjO¶HQVHPEOH
GHV ]RQHV VRQW pJDOHPHQW OHV ]RQHV SRXUYR\DQW OH SOXV GH SODTXHWWHV IRUHVWLqUHV 6LPSOH
FRwQFLGHQFHRX IDXWLO\YRLUXQ U{OHVWUXFWXUDQWGHV LPSRUWDQWHVPDVVHV IRUHVWLqUHVGDQV OHV
SURFHVVXV G¶DSSURYLVLRQQHPHQW" 6HXOHV GHV DQDO\VHV FRPSOpPHQWDLUHV SOXV SRXVVpHV HW








HQWLWpV VSDWLDOHV FI FKDSLWUH7UqV VRXYHQW OHV LQWHUDFWLRQV VRQW IRQFWLRQGHVPDVVHVGHV
REMHWV FRQVLGpUpV HW GH OD GLVWDQFH TXL OHV VpSDUH FH TXL FRUUHVSRQG j XQ FRPSRUWHPHQW
UDWLRQQHOGHYRORQWpGHPLQLPLVHU OHVGLVWDQFHVGHGpSODFHPHQW'HPXOWLSOHVREVHUYDWLRQV





HQWUH OHV XQLWpV VSDWLDOHV   IULFWLRQ GH OD GLVWDQFH %LHQ TXH OHVPDVVHV HW OD GLVWDQFH QH
VRLHQW SDV OHV SDUDPqWUHV JpQpUDWHXUV GH O¶LQWHUDFWLRQ LOV VRQW HQ UHYDQFKH G¶H[FHOOHQWV
GHVFULSWHXUVGHVSKpQRPqQHVG¶LQWHUDFWLRQVSDWLDOHDXSRLQWTXHO¶DQDORJLHJUDYLWDLUHPLVHHQ





3.1. Démarche globale 

/H WUDYDLO GH WHUUDLQ HQWUHWLHQ DYHF OHV DFWHXUV GH OD ILOLqUH ERLVpQHUJLH DLQVL TXH OHV




x O¶LPSRUWDQFH HW OD FRQILJXUDWLRQ GHV HVSDFHV ERLVpV MRXHQW XQ U{OH GDQV OHV PRGDOLWpV




(Q VRPPH SOXV XQH FKDXIIHULH D XQH SXLVVDQFH LPSRUWDQWH SOXV HOOH DWWLUH GH SODTXHWWHV
IRUHVWLqUHVHWSOXVXQHIRUrWHVWLPSRUWDQWHSOXVHOOHSHXWIRXUQLUGHSODTXHWWHVIRUHVWLqUHV(Q





$SUqV DYRLU GpWHUPLQp OHVPDVVHV GHV REMHWV LQWHUDJLVVDQW HW OD GLVWDQFH OHV VpSDUDQW QRXV
WHVWRQV OD YDOLGLWp G¶XQ PRGqOH G¶LQWHUDFWLRQV VSDWLDOHV GH W\SH JUDYLWDLUH ,O V¶DJLW G¶XQ
PRGqOH WKpRULTXH IRQGp VXU XQ UDLVRQQHPHQW K\SRWKpWLFRGpGXFWLI 8QH IRLV OH PRGqOH
pODERUpQRXVFRPSDURQVOHVIOX[HVWLPpVWKpRULTXHVHWOHVIOX[UpHOOHPHQWREVHUYpVILJXUH










/ *D]XOO GDQV VHV WUDYDX[ VXU OD PRGpOLVDWLRQ GX EDVVLQ G¶DSSURYLVLRQQHPHQW HQ ERLV
pQHUJLHGH%DPDNRDPLVHQpYLGHQFHXQHVWUXFWXUDWLRQGHVDSSURYLVLRQQHPHQWVREpLVVDQWj
XQH ORJLTXH JUDYLWDLUH 'DQV VRQ PRGqOH OHV PDVVHV IRUHVWLqUHV GHV OLHX[ G¶RULJLQH HW OD
GLVWDQFHSDUFRXUXHVRQWGHVSDUDPqWUHVWUqVLPSRUWDQWV4X¶HQHVWLOGDQVXQDXWUHFRQWH[WH"




















$YHFx 3FV   SUREDELOLWp G
LQWHUDFWLRQ HQWUH XQH FKDXIIHULH s HW XQ OLHX c SRWHQWLHOOHPHQW










FRPPXQHV FDUDFWpULVpHVSDUXQH VXSHUILFLH IRUHVWLqUH/H WHUUDLQG
pWXGH HVW FLUFRQVFULW QRQ
SDV DX[ OLPLWHV GH OD &$*% HW GX 3D\V /RXH/LVRQ HQ UDLVRQ GH O
LPSRUWDQFH GHV IOX[ j
GHVWLQDWLRQGH3ODQRLVHPDLVjOD)UDQFKH&RPWp






XQU{OHSOXV LPSRUWDQW6L OHELHQHVW UDUH O





HVW GH SDUDPqWUHVSDUGpIDXWGXPRGqOH FHTXL FRUUHVSRQGELHQ j OD VLWXDWLRQG
XQELHQ
FRXUDQW IRUrWV HW G
XQ U{OH LPSRUWDQW GH OD GLVWDQFH YRORQWp GH SULYLOpJLHU OHV UHVVRXUFHV
ORFDOHV

Intérêts et limites du modèle













XQH DQDO\VH SOXV ILQH GHV FDUWHV ODLVVH GHV GRXWHV TXDQW j XQH VWUXFWXUDWLRQ GHV




GDQV OD ILJXUH  UHSUpVHQWDQW JUDSKLTXHPHQW O
LPSRUWDQFH GHV LQWHUDFWLRQV HW OD GLVWDQFH
SDUFRXUXH &HOD VRXVHQWHQG TXH OHV DSSURYLVLRQQHPHQWV VRQW UpJLV SDU G
DXWUHV SDUDPqWUHV
TXHOHVPDVVHVHWODGLVWDQFH8QHWHOOHDOOpJDWLRQHVWFHSHQGDQWGLIILFLOHjDIILUPHUVDQVDYRLU








3.3. Formalisation du modèle et vérification des hypothèses 

'DQV XQH GpPDUFKH K\SRWKpWLFRGpGXFWLYH YLVDQW j FRPSUHQGUH OHV SURFHVVXV











  GHV GRQQpHV TXL QRXV RQW pWp IRXUQLHV SDU OHV VRFLpWpV G¶DSSURYLVLRQQHPHQW QH
FRQWLHQQHQWPDOKHXUHXVHPHQW SDV OHV FRRUGRQQpHV SUpFLVHV GHV FKDQWLHUV IRUHVWLHUV R VRQW
H[SORLWpHVOHVSODTXHWWHVIRUHVWLqUHVPDLVVHXOHPHQWOHQRPGHODFRPPXQHGDQVODTXHOOHDHX








'HV FRRUGRQQpHV SUpFLVHV QRXV DXUDLHQW SHUPLV G¶LGHQWLILHU SUpFLVpPHQW OHV SRO\JRQHV
IRUHVWLHUV HW GH WUDYDLOOHU j SDUWLU GHV UHVVRXUFHV HOOHVPrPHV HW QRQ SDV G¶XQ DJUpJDW
FRPPXQDO 1RXV DXULRQV DLQVL SX GpGXLUH OHV SULQFLSDOHV FDUDFWpULVWLTXHV GHV PDVVLIV
IRUHVWLHUV HQ WHQDQW FRPSWH GH OHXU FRQWLQXXP FKRVH TXH QRXV QH SRXYRQV SDV IDLUH HQ
WUDYDLOODQWDYHFXQPDLOODJHDGPLQLVWUDWLIOHVOLPLWHVFRPPXQDOHVQHFRwQFLGDQWSDVDYHFOHV
OLPLWHVGHO¶HPSULVHIRUHVWLqUH1¶D\DQWG¶DXWUHDOWHUQDWLYHTXHGHWUDYDLOOHUDYHFODFRQWUDLQWH





3DU DLOOHXUV QRXV DYRQV WHQWp GH QRXV DIIUDQFKLU GHV OLPLWHV FRPPXQDOHV SHQVDQW TXH OH
PDVVLI IRUHVWLHUpWDLWSOXV UHSUpVHQWDWLITXH ODFRPPXQHSRXU UHSUpVHQWHU ODPDVVHGHV OLHX[






FHUWDLQV SRO\JRQHV SUpVHQWDQW GHV FRQWLQXXP IRUHVWLHUV GH SOXVLHXUV GL]DLQHV GH PLOOLHUV
G¶KHFWDUHV PDLV DYHF GHV IRUPHV VLQJXOLqUHPHQW SHX FRPSDFWHV $LQVL OHV WURLV SOXV
LPSRUWDQWV SRO\JRQHV IRUHVWLHUV IUDQFFRPWRLV UHSUpVHQWHQW j HX[ VHXOV SOXV GH  GH OD




GH WDLOOH SOXV FRQVpTXHQWH ¬ WLWUH LQGLFDWLI   GHV SODTXHWWHV IRUHVWLqUHV DFKHPLQpHV
MXVTX¶j)HUWDQVSURYLHQQHQWG¶XQHWDFKHIRUHVWLqUHGHSOXVGHKDODWDFKHODSOXVDX
VXGVXUODILJXUHSUpVHQWDQWXQFRQWLQXXPIRUHVWLHUV¶pWHQGDQWVXUSOXVGHNP'DQV

















IRUHVWLqUH OHV IRUPDWLRQV ERLVpHV GH SHWLWH WDLOOH HW PRUFHOpHV IDLVDQW UDUHPHQW O¶REMHW





FRQILJXUDWLRQ'¶DXWUH SDUW OHV SUREOqPHVGH FRQILJXUDWLRQSUpFpGHPPHQW pYRTXpVSHXYHQW
FRQVWLWXHU XQ REVWDFOH j O¶pODERUDWLRQ G¶XQ LQGLFDWHXU WHQDQW FRPSWH GH ODPRUSKRORJLH GHV
HVSDFHVERLVpVHWLQWURGXLUHGHVELDLVGDQVOHPRGqOH'DQVXQSUHPLHUWHPSVQRXVWHVWRQVOD
YDOLGLWp GX PRGqOH j SDUWLU GH OD VXSHUILFLH ERLVpH FRPPXQDOH FRPPH PDVVH GHV OLHX[
G¶RULJLQH3RXUOHVWURLVRULJLQHVVHUpIpUDQWjXQPDVVLIIRUHVWLHUV¶pWHQGDQWVXUSOXVLHXUVEDQV
FRPPXQDX[ QRXV SUHQRQV FRPPH GRQQpH GH UpIpUHQFH OD VXSHUILFLH IRUHVWLqUH GHV EDQV








LFL HVW GH W\SH FRQWUDLQW SDU OD GHPDQGH VRQ H[SUHVVLRQ HVW HQ IDLW XQH H[SUHVVLRQ GH
O¶DWWUDFWLYLWp GHV GHVWLQDWLRQV 1RXV WHVWRQV XQ PRGqOH G¶LQWHUDFWLRQ VLPSOH ILGqOH DX[
K\SRWKqVHV FRPPXQpPHQW DGPLVHV GDQV OD OLWWpUDWXUH HW QH UHWHQDQW TXH OHV DWWULEXWV















/HV GRQQpHV XWLOLVpHV VRQW OHV GRQQpHV GH WUDoDELOLWp IRXUQLVVDQW O¶RULJLQH GHV FRPEXVWLEOHV
SHQGDQW OD VDLVRQ GH FKDXIIH  GRQQpHV LQLWLDOHPHQW IRXUQLHV SDU FDPLRQ HW
DJUpJpHV DX QLYHDX FRPPXQDO &HV LQIRUPDWLRQV VRQW FRQVLGpUpHV FRPPH ILDEOHV GDQV OD
PHVXUHRXQHSHVpHV\VWpPDWLTXHGXFKDUJHPHQWGHVYpKLFXOHVDpWpHIIHFWXpH(OOHVQHVRQW









oDes premiers tests peu concluants 
1RWUH K\SRWKqVH GH EDVH HVW TXH OHV IOX[ GH SODTXHWWHV IRUHVWLqUHV YDULDEOH H[SOLTXpH
GpSHQGHQW j OD IRLV GH OD SXLVVDQFH GHV FKDXIIHULHV PDVVH GHV GHVWLQDWLRQV GHV
FDUDFWpULVWLTXHV GHV PLOLHX[ IRUHVWLHUV PDVVH GHV RULJLQHV HW GH OD GLVWDQFH SDUFRXUXH




RULJLQHV OHV VXSHUILFLHV IRUHVWLqUHV FRPPXQDOHV HW OHV VXSHUILFLHV GHV PDVVLIV SRXU OHV
RULJLQHV LQLWLDOHPHQW FRQQXHVDXPDVVLI IRUHVWLHU&HSUHPLHU WHVW DPRQWUpXQHFRUUpODWLRQ
JOREDOHSOXVVDWLVIDLVDQWHPDLVHQUpDOLWp©WLUpHªSDUOHVPDVVHVGHFHVGHX[PDVVLIVVLWXpV
HQGHKRUVGXQXDJHGHSRLQWV8WLOLVHUOHVRULJLQHV©PDVVLIVªSHUPHWG¶H[SORLWHUOHVGRQQpHV
WHOOHV TX¶HOOHV QRXV RQW pWp IRXUQLHV HW QRQ GpVDJUpJpHV j OD FRPPXQH O¶RSpUDWLRQ GH
GpVDJUpJDWLRQSRXYDQW LQGXLUHGHVELDLVSDUUDSSRUWj O¶LQIRUPDWLRQ LQLWLDOH&HSHQGDQWFHOD
LPSOLTXH GH FRPSDUHU GHV IOX[ TXL QH VRQW SDV FRPSDUDEOHV FRPSWH WHQX GH O¶HIIHW
G¶DJUpJDWLRQGHV IOX[©PDVVLIVª/HV WHVWV VXLYDQWVRQWGRQFpWpHIIHFWXpVjSDUWLUGHV IOX[
©PDVVLIVªGpVDJUpJpVjODFRPPXQH

8QH UpJUHVVLRQ VLPSOH EDVpH XQLTXHPHQW VXU OHV VXSHUILFLHV IRUHVWLqUHV FRPPXQDOHV
SDUDPqWUHUHSUpVHQWDQWODPDVVHHWODGLVWDQFHYDULDEOHVH[SOLFDWLYHVQ¶H[SOLTXHTXH
GH OD YDULDQFH GHV IOX[ FH TXL HVW LQVDWLVIDLVDQW /D PrPH DQDO\VH PrPHV YDULDEOHV
H[SOLFDWLYHVDpWpHIIHFWXpHVpSDUpPHQWSRXUFKDFXQHGHVGHX[JURXSHVGHFKDXIIHULHVDILQ






,O HVW GLIILFLOH G¶H[SORLWHU OHV GRQQpHV IRXUQLHV SRXU OD SODWHIRUPH GH )HUWDQV TXL QH
FRQWLHQQHQWTXHIOX[FHTXLHVWWUqVLQVXIILVDQWSRXUREWHQLUXQUpVXOWDWVLJQLILFDWLI&HMHX









ODPHVXUHGXSRVVLEOH/HVGLYHUVHVDQDO\VHVHIIHFWXpHVRQWFHSHQGDQW UpYpOpTXH OH UDSSRUW
PDVVHGLVWDQFHDQ¶HVWjSUHPLqUHYXHSDVH[SOLFDWLIHWFHTXHOOHTXHVRLWODYDOHXUDFFRUGpHj
O¶H[SRVDQWD (Q FODLU OD GLVWDQFH QH VHPEOH SDV FRPSWHU GDQV OD UpSDUWLWLRQ DFWXHOOH GHV
DSSURYLVLRQQHPHQWV KRUPLV SRXU OD SODWHIRUPH GH )HUWDQV OH FRQVWDW pWDQW SOXV HPSLULTXH
GDQVFHFDVHQUHJDUGGXIDLEOHQRPEUHGHIOX[
oUne légère amélioration des résultats après transformation logarithmique des variables 
et introduction de paramètres de configuration 

1RXV QRXV VRPPHV SUpFpGHPPHQW LQWHUURJpV VXU OH U{OH GH OD FRQILJXUDWLRQ GHV HVSDFHV
ERLVpV SDU UDSSRUW j O¶H[SORLWDELOLWp GHV UHVVRXUFHV HQ DYDQoDQW O¶K\SRWKqVH TXH OD
IUDJPHQWDWLRQSRXYDLWFRQVWLWXHUXQHFRQWUDLQWH/DIUDJPHQWDWLRQSHXWIDLUHUpIpUHQFHDXW\SH
GHSURSULpWpSXEOLTXHSULYpHDXWDQWTX¶jODVWUXFWXUHPrPHGXFRXYHUWERLVpPRUSKRORJLH
HWHPSULVHVSDWLDOH1RXVFRQVLGpURQV LFL OD IUDJPHQWDWLRQVRXV O¶DQJOHPRUSKRORJLTXHvia
OHVLQGLFDWHXUVGHFRQILJXUDWLRQpYRTXpVGDQVODVHFWLRQQRPEUHGHWDFKHVIRUHVWLqUHV
WDLOOH HW GHQVLWp GHV WDFKHV HWF 1RXV LQWURGXLVRQV pJDOHPHQW SOXVLHXUV LQGLFDWHXUV
























(Q GpSLW GH OD WUDQVIRUPDWLRQ ORJDULWKPLTXH GHV YDULDEOHV OH PRGqOH QH PRQWUH DXFXQH
DPpOLRUDWLRQ SRXU OHV IOX[ j GHVWLQDWLRQ GH )HUWDQV GpMj SUREOpPDWLTXHV DXSDUDYDQW 5  
HQUDLVRQGHOHXUIDLEOHHIIHFWLI0DOJUpWRXWOHVJUDQGHVWHQGDQFHVUpYpOpHVDXWUDYHUV
GHFHVGHX[VpULHVGHWHVWVVWDWLVWLTXHVGpQRWHQWG¶XQU{OHSOXVLPSRUWDQWGHODGLVWDQFHSRXUOD
FKDXIIHULHGH)HUWDQVDORUVTXH OD VWUXFWXUH IRUHVWLqUHDSSDUDvWSHXGLVFULPLQDQWH&HODSHXW
V¶H[SOLTXHU SDU OD GLIIpUHQFLDWLRQ HQWUH OHV V\VWqPHV GH WDULILFDWLRQ GHV WUDQVSRUWV GHV GHX[
VWUXFWXUHVDLQVLTXHSDUOHVSUREOqPHVGHFRQWLQXXPIRUHVWLHUVSUpFpGHPPHQWpYRTXpV$LQVL
O¶HQWUHSULVH*LUDUG HVW XQH SHWLWH VWUXFWXUH TXL SRVVqGH VHV SURSUHV FDPLRQV DORUV TX¶21)
(QHUJLH VRXVWUDLWH OD SKDVH GH WUDQVSRUW j GHV HQWUHSULVHV VSpFLDOLVpHV TXL RSWHQW SRXU GHV
V\VWqPHV GH WDULILFDWLRQ MRXUQDOLHUV RX KHEGRPDGDLUHV GRQW OH FRW Q¶HVW SDV IRUFpPHQW
SURSRUWLRQQHOjODGLVWDQFHSDUFRXUXH¬O¶LQYHUVHSRXU3ODQRLVHODPDVVHIRUHVWLqUHLPSDFWH
GDYDQWDJH TXH OD GLVWDQFH OHV IOX[ LVVXV GHV IRUrWV GH &KDLOOX] HW GH &KDX[ FRQWULEXDQW
SDUWLHOOHPHQWjFHSKpQRPqQH(QUDLVRQGXIDLEOHQRPEUHG¶LQGLYLGXVHWGHODIDLEOHYDOHXU





WRXW FRPPH OD SHQWH GHV YHUVDQWV HW OH QRPEUH GH WDFKHV IRUHVWLqUHV DORUV TXH OD PDVVH
IRUHVWLqUHDSSDUDvWDXFRQWUDLUHFRPPHXQSDUDPqWUH LPSDFWDQWSRVLWLYHPHQW OHVIOX[FHTXL
HVWFRQIRUPHjQRVK\SRWKqVHVGHGpSDUW/DUpJUHVVLRQDLQVLHIIHFWXpHDPpOLRUHOHVUpVXOWDWV




/D ILJXUH  UpYqOH XQ U{OH LPSRUWDQW GHV PDVVHV IRUHVWLqUHV ORFDOLVpHV j SUR[LPLWp GH OD
FKDXIIHULHIRUrWVELVRQWLQHVHWGH&KDX[PDLVDXVVLOHVPDVVLIVVLWXpVDXVXGHWDXVXGHVWGH
OD FKDLQH GX -XUD HW TXL VRQW DXMRXUG¶KXL DVVH] SHX H[SORLWpV SRXU O¶DOLPHQWDWLRQ GH OD




VLPLODLUHV HQ +DXWH6D{QH ,O V¶DJLW Oj G¶XQH GHV SULQFLSDOHV OLPLWHV GX PRGqOH RXWUH OHV






DX[ UpVXOWDWV  GH OD PRGpOLVDWLRQ GH / *D]XOO  SRXU OD YLOOH GH %DPDNR 8QH










0RGpOLVHU F¶HVW DXVVL SHXWrWUH HW VXUWRXW FRQIURQWHU OHV UpVXOWDWV HW OHV K\SRWKqVHV VRXV
MDFHQWHV j OD UpDOLWp (W FHWWH GpPDUFKH UpVLGH GDQV O¶LGpH TXH OHV pFDUWV HQWUH O¶DSSURFKH
HPSLULTXH GHV GRQQpHV GH WUDoDELOLWp HW OHV SUpYLVLRQV GHVPRGqOHV UpVLGXV SHUPHWWHQW GH










PDOJUp O¶LQWURGXFWLRQ G¶DXWUHV YDULDEOHV H[SOLFDWLYHV GDQV OH PRGqOH /HV UpVLGXV HW OHXU
UHSUpVHQWDWLRQ FDUWRJUDSKLTXH ILJXUH  VRQW GLIILFLOHPHQW LQWHUSUpWDEOHV  (Q FH TXL
FRQFHUQH OHV IOX[ j GHVWLQDWLRQGH3ODQRLVH RQ SHXW REVHUYHU XQH IRUWH VRXVHVWLPDWLRQ GHV
IOX[HQSURYHQDQFHGHVEDQVFRPPXQDX[LQWHUVHFWDQWDYHFOHPDVVLIGHOD6HUUHHWODIRUrWGH
&KDX[/DGpVDJUpJDWLRQFRPPXQDOHGHVIOX[H[SOLTXHSHXWrWUHSDUWLHOOHPHQWFHSKpQRPqQH
(Q UHYDQFKH OHV SOXV IRUWHV VXUHVWLPDWLRQV FRQFHUQHQW SUHVTXH V\VWpPDWLTXHPHQW OHV IOX[
FDUDFWpULVpVSDUOHVGLVWDQFHVOHVSOXVLPSRUWDQWHVHWFHTXHOOHTXHVRLWODYDOHXUGHFHVIOX[
&RPSWH WHQX GH FHV GLIIpUHQWV pOpPHQWV HW GX SHX G¶LQIRUPDWLRQV j SDUWLU GHVTXHOOHV QRXV
DYRQV HIIHFWXp OHV VWDWLVWLTXHV LO HVW GRQF GLIILFLOH G¶DPpOLRUHU OH PRGqOH /¶DQDO\VH GHV
UpVLGXVQHPHWSDVHQpYLGHQFHGHVWUXFWXUHVVSDWLDOHVYUDLPHQWGpILQLHVTXLDXUDLHQWSXQRXV
SHUPHWWUHG¶DPpOLRUHUXQPRGqOHTXLjODEDVHQ¶H[SOLTXDLWTXHGHODYDULDQFHGHVIOX[
















HQ pYLGHQFH XQH DWWUDFWLYLWp OLpH j O¶LPSRUWDQFH GHV FKDXIIHULHV LO QRXV HVW LPSRVVLEOH GH
YDOLGHUFHWWHK\SRWKqVHHQVHEDVDQWVXUGHVGRQQpHVDXVVLOLPLWpHVHWDXVVLSHXUHSUpVHQWDWLYHV
GH O¶HQVHPEOH GHV FKDXIIHULHV ,O DXUDLW SDU H[HPSOH pWp WUqV LQWpUHVVDQW GH FRPSDUHU OHV
EDVVLQV G¶DSSURYLVLRQQHPHQW GHV FKDXIIHULHV GH 3ODQRLVH  0: HW GX FDPSXV GH
O¶8QLYHUVLWpGH)UDQFKH&RPWp 0:&HODQRXVDXUDLWSHUPLVG¶LGHQWLILHU OHVSULQFLSDOHV
VRXUFHV G¶DSSURYLVLRQQHPHQW HW G¶DQDO\VHU OHV GLVWDQFHV SDUFRXUXHV GH GHX[ VWUXFWXUHV
VLPLODLUHVHQWHUPHVGHSXLVVDQFHHWGHFRQVRPPDWLRQGHSODTXHWWHVIRUHVWLqUHV

1¶D\DQW SX PHWWUH HQ pYLGHQFH O¶DWWUDFWLYLWp GHV FKDXIIHULHV HQ FRPSDUDQW XQ pFKDQWLOORQ
UHSUpVHQWDWLI G¶LQVWDOODWLRQV QRXV DYRQV GRQF WHQWp G¶H[SOLTXHU OHV IOX[ GH SODTXHWWHV







REWHQXV QH VRQW SDV j OD KDXWHXU GH QRV DWWHQWHV SRXU OHV GHX[ VWUXFWXUHV PrPH VL GHV
SKpQRPqQHV LQWpUHVVDQWV PpULWHQW G¶rWUH VRXOLJQpV 1RWDPPHQW XQ U{OH SOXV LPSRUWDQW GHV
PDVVHVIRUHVWLqUHVVXSHUILFLHERLVpHSRXUODFKDXIIHULHGH3ODQRLVHDYHFXQU{OHPRLQGUHGH
ODGLVWDQFHDORUVTX¶a contrario FHWWHGHUQLqUHDGDYDQWDJHG¶LPSRUWDQFHSRXU ODSODWHIRUPH
GH)HUWDQV&HSHQGDQWULHQQHQRXVDXWRULVHjHIIHFWXHUGHVFRQFOXVLRQVKkWLYHVSDUUDSSRUWj
G¶pYHQWXHOOHV GLIIpUHQFHV GH ORJLTXHV G¶DSSURYLVLRQQHPHQW HQWUH GHV VWUXFWXUHV GH WDLOOH
GLIIpUHQFLpHV 'H PXOWLSOHV UDLVRQV SHXYHQW H[SOLTXHU LFL O¶LQYDOLGDWLRQ GH O¶K\SRWKqVH
G¶DSSURYLVLRQQHPHQWVUpJLVHQWUHDXWUHVSDUXQHORJLTXHJUDYLWDLUH6HORQ3RLQVRWLO




/D VHXOH UpIpUHQFH j OD IRLV WKpPDWLTXH HW PpWKRGRORJLTXH j ODTXHOOH QRXV SXLVVLRQV QRXV
FRPSDUHUELHQTXHFHODVRLWGLVFXWDEOHpWDQWGRQQpOHVGLIIpUHQFHVGHFRQWH[WHHVWODWKqVHGH
/*D]XOO TXLD WHVWpXQPRGqOHJUDYLWDLUHSRXUH[SOLTXHU OHV IOX[GHERLVpQHUJLHj
GHVWLQDWLRQGH ODYLOOHGH%DPDNR'DQV OH FDGUHGH VHV UHFKHUFKHV SOXVGH ODPRLWLpGH OD
GpYLDQFHGHVIOX[HVWH[SOLTXpHSDUOHVVHXOVSDUDPqWUHV©VWRFNGHERLVªGpILQLSDUOD





SRVVLEOH G¶DYRLU GHV LQIRUPDWLRQV pTXLYDOHQWHV SRXU PLHX[ FRPSUHQGUH OD ORFDOLVDWLRQ GHV
FKDQWLHUV IRUHVWLHUV HW GRQF FDOLEUHU OH PRGqOH /HV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV
IRUHVWLqUHV VRQW GHV SURFHVVXV FRPSOH[HV HW OD UpDOLVDWLRQ G¶XQH LQWHUDFWLRQ GpSHQG GH OD
FRQMRQFWLRQG¶XQFHUWDLQQRPEUHGHIDFWHXUVGRQWFHUWDLQVQHVRQWSDVPRGpOLVDEOHVHQUDLVRQ
GHOHXUFDUDFWqUHSRQFWXHOHWDOpDWRLUHGpERLVHPHQWOLpjODUpDOLVDWLRQG¶XQHLQIUDVWUXFWXUHGH
WUDQVSRUW DIILQLWpV HQWUH GHV SURSULpWDLUHV HW GHV H[SORLWDQWV IRUHVWLHUV SUREOqPHV G¶RUGUH
RUJDQLVDWLRQQHOpFRQRPLTXHSROLWLTXHHWF

(Q VRPPH ELHQ TXH QRXV SHQVLRQV TXH OHV DSSURYLVLRQQHPHQWV HQ SODTXHWWHV IRUHVWLqUHV
SXLVVHQW rWUH SDUWLHOOHPHQW UpJLV SDU XQH ORJLTXH GH W\SH JUDYLWDLUH LO QH QRXV D SDV pWp
SRVVLEOHGHYDOLGHUFHWWHK\SRWKqVH¬FHODSOXVLHXUVUDLVRQV








TXH OD FKDXIIHULH GH 3ODQRLVH D XQ HIIHW WUqV IRUWHPHQW VWUXFWXUDQW OHV DXWUHV FKDXIIHULHV
pWDQWGHSXLVVDQFH WUqVPRGHVWH3DUDLOOHXUVFHVGRQQpHVQHVRQWSDVUHSUpVHQWDWLYHVGH
WRXWHV OHV ORJLTXHV G¶DSSURYLVLRQQHPHQW OHV JURV RSpUDWHXUV Q¶D\DQW SDV OHV PrPHV
REMHFWLIVQLOHVPrPHVPR\HQVTXHOHVSHWLWHVVRFLpWpVG¶DSSURYLVLRQQHPHQW
E'HV SUREOqPHV UHODWLIV DX[ OLHX[ G¶RULJLQH VHFWHXUV JpRJUDSKLTXHV SHX FRPSDUDEOHV
FRPPXQHVHWPDVVLIVIRUHVWLHUVDLQVLTXHGHVRUGUHVGHJUDQGHXUVGHIOX[HX[DXVVLVDQV
FRPPXQH PHVXUH 4XHOOHV TXH VRLHQW OHV RSWLRQV FKRLVLHV SRXU V¶DIIUDQFKLU GHV OLPLWHV
FRPPXQDOHV RX GH OD FRQWUDLQWH LQKpUHQWH j XQ YDVWH FRQWLQXXP IRUHVWLHU OHV VROXWLRQV
Q¶pWDLHQWSDVVDWLVIDLVDQWHVHWSUpVHQWDLHQWGHVELDLV
F'HV V\VWqPHV GH WDULILFDWLRQ GHV WUDQVSRUWV V\VWqPH IRUIDLWDLUH MRXUQDOLHU RX
KHEGRPDGDLUHGRQWOHFRWQ¶HVWSDVOLQpDLUHPHQWLQGH[pVXUODGLVWDQFHSDUFRXUXHFHTXL
SHXW DYRLU GHV UpSHUFXVVLRQV VXU OD YRORQWp GHPLQLPLVHU OHV GLVWDQFHV GH WUDQVSRUW 2Q
FRQVWDWHFHSHQGDQWDX WUDYHUVGHFHVGHX[H[HPSOHVTXH OHVGLVWDQFHVSDUFRXUXHVSDU OD
SHWLWH HQWUHSULVH GH WUDYDX[ IRUHVWLHUV *LUDUG TXL DVVXUH OH WUDQVSRUW DYHF VHV SURSUHV
YpKLFXOHVVRQWQHWWHPHQWPRLQGUHVTXHFHOOHVSDUFRXUXHVSDUODVRFLpWp21)eQHUJLHTXL
VRXVWUDLWHOHWUDQVSRUWGHVSODTXHWWHVjGHVHQWUHSULVHVVSpFLDOLVpHVSUDWLTXDQWOHVV\VWqPHV
IRUIDLWDLUHV GH WDULILFDWLRQ SUpFpGHPPHQW pYRTXpV &HSHQGDQW QRXV Q¶DYRQV SDV OHV
PR\HQV GH SURXYHU TXH FHV GLIIpUHQFHV GH GLVWDQFHV V¶H[SOLTXHQW SDU OD GLIIpUHQFH GHV
SUDWLTXHVGHWUDQVSRUWRXDXFRQWUDLUHSDUODSXLVVDQFHGHODFKDXIIHULHSOXVODSXLVVDQFH
HVW LPSRUWDQWH HW SOXV OH EDVVLQ G¶DSSURYLVLRQQHPHQW HVW pWHQGX '¶DXWUH SDUW G¶DXWUHV
IDFWHXUVSHXYHQWLQWHUYHQLUGLPHQVLRQFRPPHUFLDOHORJLTXHVGHPDUFKpHWF
G/¶pPHUJHQFH GHV FKDXIIHULHV FROOHFWLYHV HVW XQ SKpQRPqQH UpFHQW HW OHXU
DSSURYLVLRQQHPHQW TXLGpSHQGDXVVL EHDXFRXSGHV MHX[G¶DFWHXUV Q¶HVW SDV HQFRUHELHQ
VWUXFWXUp HW GpSHQG HQ JUDQGHV SDUWLHV GH VWUDWpJLHV FRPPHUFLDOHV TXL SRXU O¶KHXUH RQW
GDYDQWDJH G¶LPSDFW TXH OD FRQILJXUDWLRQ GH OD UHVVRXUFH HW OD GLVWDQFH SDUFRXUXH &H
GHUQLHUSDUDPqWUHMRXHUDLWSHXWrWUHXQU{OHSOXVLPSRUWDQWVLOHV\VWqPHGHWDULILFDWLRQGH
ODGHPDQGHYHQDLWjFKDQJHUSRXUrWUHLQGH[pVXUOHVGLVWDQFHVSDUFRXUXHVHWVLODYRORQWp
GHYDORULVHUGHV UHVVRXUFHV ORFDOHVpWDLWPDQLIHVWHSRXU WRXV OHVPDvWUHVG¶RXYUDJH3HXW
















/HV SURFHVVXV G¶DSSURYLVLRQQHPHQW VRQW FRPSOH[HV HW GpSHQGHQW GH QRPEUHX[ IDFWHXUV
VSDWLDX[ HW DVSDWLDX[ /HV IDFWHXUV VSDWLDX[ VXVFHSWLEOHV G¶DYRLU XQH LQIOXHQFH VXU OHV
DSSURYLVLRQQHPHQWV VRQW OD ORFDOLVDWLRQ HW OD FRQILJXUDWLRQ GHV UHVVRXUFHV OLJQHXVHV OHV
FRQWUDLQWHVGHPRELOLVDWLRQUHODWLYHVDX[FDUDFWpULVWLTXHVORFDOHVFRPPHODSHQWHGHVYHUVDQWV
RX OH VXEVWUDW SpGRORJLTXH 0DLV OHV DSSURYLVLRQQHPHQWV GpSHQGHQW DXVVL GH VWUDWpJLHV
FRPPHUFLDOHV HW UHODWLRQQHOOHV GH MHX[ G¶DFWHXUV UpSRQGDQW SHXWrWUH j XQH ORJLTXH
pFRQRPLTXH GH PLQLPLVDWLRQ GHV FRWV JOREDX[ GHV FRPEXVWLEOHV $ FHOD V¶DMRXWH XQH
GLPHQVLRQDOpDWRLUH OLpHVDX[RSSRUWXQLWpVGHVFKDQWLHUV IRUHVWLHUVGRQWQRXVDYRQVSHXGH
YLVLELOLWp jPR\HQ HW ORQJ WHUPH VSpFLDOHPHQW ORUVTX¶LO V¶DJLW G¶RSpUDWLRQV GH GpERLVHPHQW
SRQFWXHOOHV OLpHV SDU H[HPSOH j O¶DPpQDJHPHQW G¶LQIUDVWUXFWXUHV GH WUDQVSRUW &HV
RSSRUWXQLWpV VRQW GLIILFLOHPHQW PRGpOLVDEOHV FDU HOOHV Q¶HQWUHQW SDV GDQV OH FDGUH G¶XQH
H[SORLWDWLRQ IRUHVWLqUH SODQLILpH VXU OH ORQJ WHUPH2U ©LO HVW UHPDUTXpTXH OH JLVHPHQW GH
IRUrWJpUpHF¶HVWjGLUHGLVSRVDQWGHSODQG¶DPpQDJHPHQWRXGHSODQVVLPSOHVGHJHVWLRQHVW
ORLQG¶rWUHFHOXLPDMRULWDLUHPHQWFRQFHUQpSDUODSURGXFWLRQGHSODTXHWWHVIRUHVWLqUHVKRUPLV
SRXU3ODQRLVH TXL HVW DSSURYLVLRQQpHSDU21)(QHUJLH8QHJUDQGHSDUWLHGH ODELRPDVVH
PRELOLVpHDFWXHOOHPHQWQHSURYLHQWSDVGHIRUrWVHQJHVWLRQUpFXUUHQWH(QHIIHWOHVSODTXHWWHV
IRUHVWLqUHVDFWXHOOHPHQWPRELOLVpHVSURYLHQQHQWSULQFLSDOHPHQWGHIRUrWVQRQJpUpHVDLQVLTXH
G¶RSpUDWLRQV SRQFWXHOOHV GH W\SH FKDQWLHU GH GpIULFKHPHQW GH QHWWR\DJH LQIUDVWUXFWXUHV
OLJQHV7*9('7DXWRURXWHV«UHSUpVHQWDQWXQSRXUFHQWDJHVLJQLILFDWLIYRLUHSOXV
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GHVUHVVRXUFHVOLJQHXVHVGXUDELOLWpGHVDSSURYLVLRQQHPHQWVHWHQPD[LPLVDQWODYDORULVDWLRQ
GHVUHVVRXUFHVIRUHVWLqUHVHWQRQIRUHVWLqUHVORFDOHV&HIDLVDQWQRXVDSSRUWRQVGHVpOpPHQWV
GH UpSRQVH HW GH UpIOH[LRQ DX[ HQMHX[ G¶DPpQDJHPHQW WHUULWRULDO OLp j O¶XWLOLVDWLRQ GX ERLV





























KXL OHV SRWHQWLHOV GHQGURpQHUJpWLTXHV VRQW PDO FRQQXV QRWDPPHQW HQ UDLVRQ GHV
OLPLWHV GH FRQQDLVVDQFH GHV UHVVRXUFHV OLJQHXVHV PDOJUp OHV pOpPHQWV IRXUQLV SDU OHV
LQYHQWDLUHV 1RXV GLVSRVRQV G
XQ FHUWDLQ QRPEUH G






&H FKDSLWUH SUpVHQWH OD GpPDUFKH TXH QRXV DYRQV VXLYLH SRXU TXDOLILHU HW TXDQWLILHU OD
ELRPDVVH DpULHQQH VXU QRV WHUUDLQV G
pWXGH SDU FURLVHPHQW G







'pPDUFKH JpQpUDOH SRXU O
HVWLPDWLRQ HW OD FDUWRJUDSKLH
GHODELRPDVVHOLJQHXVHDpULHQQH
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&HV pOpPHQWV FRQVWLWXHURQW O













3DU FRPPRGLWp OH SDV GH FH PDLOODJH VHUD GLUHFWHPHQW UHSULV GH OD UpVROXWLRQ GHV LPDJHV
/DQGVDW 70 LFL  PqWUHV TXL SHUPHW GH VDWLVIDLUH DX PRLQV GH IDoRQ JURVVLqUH QRV
FRQWUDLQWHV GH SUpFLVLRQ UHFRQQDLVVDQFH G
DUEUHV LVROpV 1RXV WUDYDLOOHURQV GRQF DYHF XQ
PRGqOHPDWULFLHORXFHOOXODLUHjPDLOOHFDUUpHUDVWHUSDUVLPSOLILFDWLRQ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Application à deux terrains d’étude, résultats et discussion 
_____________________________________________________________________________________________________ 
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(QILQ OHV VXUIDFHV G
DSSURYLVLRQQHPHQW QH GHYDQW SDV rWUH D SULRUL OLPLWpHV j GHV HQWLWpV







/D FDUWRJUDSKLH GH OD ELRPDVVH OLJQHXVH DpULHQQH HVW REWHQXH SDU FURLVHPHQW GH OD
FDUWRJUDSKLHGHVFRXYHUWVERLVpVHPSULVHGHVJUDQGVW\SHVGHSHXSOHPHQWHWG
XQLQGLFHGH
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LQIRUPDWLRQV %' 7RSR RUWKRSKRWRV FDUWRJUDSKLH IRUHVWLqUH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IHXLOOXV HW UpVLQHX[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 /D FDUWRJUDSKLH HQ OLJQH GH O




 6HXO OH YRFDEOH YpJpWDWLRQ DUERUpH HVW SRXU O
KHXUH XWLOLVp8Q WUDYDLO HQ FROODERUDWLRQ DYHF O
,)1GHYUDLW
PHWWUHHQpYLGHQFHW\SHVGLIIpUHQFLpVGDQVOHVSURFKDLQHVDQQpHV
















DQQpH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WHPSrWH VRQW QHWWHPHQWPRLQGUHV GDQVQRWUH VHFWHXU G¶pWXGHTXHGDQV OH1RUGGH OD
+DXWH6D{QHHWO¶2XHVWGX-XUD]RQHVOHVSOXVVLQLVWUpHV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ODLVVDQWXQ IRUW FRQWUDVWHDYHF OHVDUEUHV LVROpV WDQGLVTXH OHVSRXVVHVDQQXHOOHVGHV
UpVLQHX[RQWSHUGXOHXUDVSHFW WHQGUHSUpYHQDQWDLQVL OHVFRQIXVLRQVHQWUHIHXLOOXVHW





























(5'$6 /H SULQFLSH JpQpUDO GH FHWWH RSpUDWLRQ /HLFD  HVW GH PDMRUHU OHV YDOHXUV
UDGLRPpWULTXHVHQUHJLVWUpHVGDQVOHV]RQHVRPEUpHVHWUpFLSURTXHPHQWGHPLQRUHUOHVYDOHXUV






LPDJH VDWHOOLWDLUH  O
D]LPXW HW O
LQFLGHQFH VRODLUH DX PRPHQW GH O
DFTXLVLWLRQ /H UpVXOWDW
IRXUQLWXQHLPDJHROHVYHUVDQWVVHSUpVHQWHQWGHIDoRQSOXVpTXLOLEUpHPDLVVDQVUpVRXGUH
SRXU DXWDQW WRXV OHV FRQWUDVWHV G
pFODLUHPHQW HW DYHF GHV YDOHXUV GpFRQFHUWDQWHV GDQV OHV
]RQHV LQLWLDOHPHQW RPEUpHV OHV SOXV SHQWXHV 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HQUHJLVWUp GH IDoRQ LQLWLDOH WUqV GLIILFLOH j FRUULJHU /D ILJXUH  PRQWUH O
HIIHW GH FHWWH
QRUPDOLVDWLRQ HQ ODLVVDQW FODLUHPHQW DSSDUDLWUH OHV SUREOqPHV UHQFRQWUpV VXU OHV YHUVDQWV
RULHQWpVDXQRUGRXHVWGHVFDQ\RQVGHOD/RXHHWGX/LVRQ&HWWHQRUPDOLVDWLRQQHUpVRXWSDV
WRXV OHV SUREOqPHV G
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RFFXSDWLRQGX VROGRQW OHV VLJQDWXUHV VSHFWUDOHVQH VRQWSDV WRXMRXUV VXIILVDPPHQW
KRPRJqQHV LQWULQVqTXHPHQW QL FRQWUDVWpHV G
XQH FODVVH j O





x /D FODVVLILFDWLRQ QRQ VXSHUYLVpH FRQVLVWH j UHJURXSHU OHV SL[HOV VXU OD EDVH GH
VLJQDWXUHVVSHFWUDOHVVLPLODLUHVHQXQQRPEUHGHFODVVHVVXIILVDPPHQWLPSRUWDQWSRXU
SURFpGHU j O







GH WHUUDLQ1pDQPRLQV GDQV ODPHVXUHR FHWWH FODVVLILFDWLRQQH VH EDVHTXH VXU OHV
VLJQDWXUHV VSHFWUDOHV TXL QH FRUUHVSRQGHQW SDV WRXMRXUV j GHV FDWpJRULHV QDWXUHOOHV
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FODVVHVGH
YDOHXUVVSHFWUDOHVVHPEODEOHV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hW>DEd KhEd Z D/E Dy ZE' ^d DE DK
:ĞƵŶĞĨƵƚĂŝĞĚĞƉŝŶƐ ϰϬ ϯϲϬϬϬ Ϭ͘ϱϳϱϬϬϬ Ϭ͘ϲϲϴϮϵϯ Ϭ͘ϬϵϯϮϵϯ Ϭ͘ϬϮϬϮϱϬ Ϭ͘ϲϮϲϴϱϴ Ϭ͘ϲϯϬϯϭϯ
:ĞƵŶĞĨƵƚĂŝĞĚĞĨĞƵŝůůƵƐ
ŝŶĚŝĨĨĠƌĞŶĐŝĠƐ ϱϱϵϴ ϱϬϯϴϮϬϬ ͲϬ͘ϬϭϰϬϴϱ Ϭ͘ϳϭϭϰϰϯ Ϭ͘ϳϮϱϱϮϳ Ϭ͘ϬϱϳϮϳϯ Ϭ͘ϲϬϮϱϮϬ Ϭ͘ϲϯϲϴϮϳ
:ĞƵŶĞĨƵƚĂŝĞĚĞƐĂƉŝŶƐ ϲϳϬ ϲϬϯϬϬϬ Ϭ͘ϰϭϲϮϭϲ Ϭ͘ϲϳϮϭϯϭ Ϭ͘Ϯϱϱϵϭϱ Ϭ͘ϬϯϮϬϮϯ Ϭ͘ϲϬϬϵϯϴ Ϭ͘ϲϬϲϮϭϱ
:ĞƵŶĞĨƵƚĂŝĞĚĞŚġƚƌĞ ϰϭϳϭ ϯϳϱϯϵϬϬ Ϭ͘Ϭϰϰϱϴϲ Ϭ͘ϳϮϰϭϯϴ Ϭ͘ϲϳϵϱϱϮ Ϭ͘ϬϳϵϬϱϰ Ϭ͘ϱϵϰϱϯϳ Ϭ͘ϲϮϱϴϱϱ
:ĞƵŶĞĨƵƚĂŝĞĚĞĚŽƵŐůĂƐ ϱϰϮ ϰϴϳϴϬϬ Ϭ͘ϰϲϭϵϴϴ Ϭ͘ϳϭϮϴϮϭ Ϭ͘ϮϱϬϴϯϮ Ϭ͘Ϭϰϭϲϱϰ Ϭ͘ϱϵϯϭϱϵ Ϭ͘ϱϵϴϱϱϵ
&ƵƚĂŝĞĂĚƵůƚĞĚĞŚġƚƌĞ Ϯϳϰϵϵ ϮϰϳϰϵϭϬϬ Ϭ͘ϬϵϳϴϮϲ Ϭ͘ϳϮϭϲϰϵ Ϭ͘ϲϮϯϴϮϯ Ϭ͘ϬϱϭϮϯϯ Ϭ͘ϱϵϮϳϴϮ Ϭ͘ϱϵϴϰϭϲ
:ĞƵŶĞĨƵƚĂŝĞĚĞĐŚġŶĞƐ ϮϬϲϰ ϭϴϱϳϲϬϬ Ϭ͘ϭϱϴϰϳϬ Ϭ͘ϳϬϵϰϵϳ Ϭ͘ϱϱϭϬϮϳ Ϭ͘ϬϳϬϲϮϬ Ϭ͘ϱϵϭϭϳϲ Ϭ͘ϲϭϵϲϯϯ
&ƵƚĂŝĞĂĚƵůƚĞĚĞŽƵŐůĂƐ ϱϱϰ ϰϵϴϲϬϬ Ϭ͘ϰϱϲϭϰϬ Ϭ͘ϲϵϯϵϴϵ Ϭ͘Ϯϯϳϴϰϵ Ϭ͘ϬϰϴϯϮϭ Ϭ͘ϱϴϯϴϮϱ Ϭ͘ϲϮϴϰϭϲ
DĠůĂŶŐĞĚĞĨƵƚĂŝĞĚĞŚġƚƌĞ
ĞƚƚĂŝůůŝƐ ϭϲϵϰϵ ϭϱϮϱϰϭϬϬ Ϭ͘ϭϬϭϰϰϵ Ϭ͘ϳϬϭϴϲϯ Ϭ͘ϲϬϬϰϭϰ Ϭ͘ϬϲϮϳϴϱ Ϭ͘ϱϳϳϰϲϭ Ϭ͘ϲϬϯϴϰϯ
DĠůĂŶŐĞƌŝĐŚĞĚĞĨƵƚĂŝĞĚĞ
ĐŚġŶĞĞƚƚĂŝůůŝƐ ϴϯϱϲ ϳϱϮϬϰϬϬ Ϭ͘ϭϲϯϴϰϮ Ϭ͘ϲϳϳϳϳϴ Ϭ͘ϱϭϯϵϯϲ Ϭ͘Ϭϯϱϴϭϲ Ϭ͘ϱϳϲϭϲϳ Ϭ͘ϱϵϮϳϭϬ
DĠůĂŶŐĞƉĂƵǀƌĞăŵŽǇĞŶĚĞ
ĨƵƚĂŝĞĚĞĐŚġŶĞƐĞƚƚĂŝůůŝƐ ϱϳϲϬϱ ϱϭϴϰϰϱϬϬ ͲϬ͘ϭϭϱϯϴϱ Ϭ͘ϳϯϱϭϲϬ Ϭ͘ϴϱϬϱϰϰ Ϭ͘Ϭϱϯϯϵϱ Ϭ͘ϱϳϰϵϳϬ Ϭ͘ϱϵϴϰϭϲ
:ĞƵŶĞĨƵƚĂŝĞĚĞĐŽŶŝĨğƌĞƐ
ŝŶĚŝĨĨĠƌĞŶĐŝĠƐ ϭϮϵϮ ϭϭϲϮϴϬϬ Ϭ͘ϭϮϯϱϵϲ Ϭ͘ϲϵϲϬϳϴ Ϭ͘ϱϳϮϰϴϯ Ϭ͘ϬϲϯϲϰϮ Ϭ͘ϱϳϰϯϮϬ Ϭ͘ϲϬϭϳϳϭ
DĠůĂŶŐĞĚĞĨƵƚĂŝĞĚĞĨĞƵŝůůƵƐ
ŝŶĚŝĨĨĠƌĞŶĐŝĠƐĞƚƚĂŝůůŝƐ ϭϵϳϴϲϮ ϭϳϴϬϳϲϬϬϬ ͲϬ͘ϭϲϬϬϬϬ Ϭ͘ϳϯϳϮϴϴ Ϭ͘ϴϵϳϮϴϴ Ϭ͘Ϭϲϲϯϰϳ Ϭ͘ϱϳϯϰϯϲ Ϭ͘ϱϵϬϮϲϲ
&ƵƚĂŝĞĂĚƵůƚĞĚĞĨĞƵŝůůƵƐ
ŝŶĚŝĨĨĠƌĞŶĐŝĠƐ ϰϯϬϰϵ ϯϴϳϰϰϭϬϬ ͲϬ͘ϮϰϯϮϰϯ Ϭ͘ϳϮϬϮϬϳ Ϭ͘ϵϲϯϰϱϭ Ϭ͘ϬϲϭϮϱϬ Ϭ͘ϱϲϴϰϳϵ Ϭ͘ϱϴϯϰϮϬ
&ƵƚĂŝĞĂĚƵůƚĞĚĞĐŚġŶĞƐ Ϯϭϱϱ ϭϵϯϵϱϬϬ Ϭ͘ϭϯϱϲϳϴ Ϭ͘ϲϵϬϰϳϲ Ϭ͘ϱϱϰϳϵϴ Ϭ͘Ϭϰϰϲϲϱ Ϭ͘ϱϲϳϵϭϲ Ϭ͘ϱϳϵϳϭϯ
:ĞƵŶĞĨƵƚĂŝĞĚΖĠƉŝĐĠĂ ϭϰϰϴ ϭϯϬϯϮϬϬ Ϭ͘ϬϳϳϵϮϮ Ϭ͘ϲϵϳϮϵϳ Ϭ͘ϲϭϵϯϳϱ Ϭ͘Ϭϲϯϳϭϭ Ϭ͘ϱϲϯϱϯϮ Ϭ͘ϱϵϯϬϱϮ
&ƵƚĂŝĞŵŝǆƚĞ ϵϱϮϴϮ ϴϱϳϱϯϴϬϬ ͲϬ͘Ϭϴϰϱϰϴ Ϭ͘ϳϱϯϭϵϭ Ϭ͘ϴϯϳϳϰϬ Ϭ͘Ϭϲϲϲϯϱ Ϭ͘ϱϱϳϯϮϳ Ϭ͘ϱϴϬϳϳϲ
DĠůĂŶŐĞĚĞĨƵƚĂŝĞĚĞ
ĐŽŶŝĨğƌĞƐĞƚƚĂŝůůŝƐ ϭϬϯϳϳ ϵϯϯϵϯϬϬ ͲϬ͘ϭϴϴϲϳϵ Ϭ͘ϳϬϮϭϮϴ Ϭ͘ϴϵϬϴϬϳ Ϭ͘ϬϳϴϱϬϰ Ϭ͘ϱϱϲϴϴϭ Ϭ͘ϲϬϱϴϲϭ
dĂŝůůŝƐĚĞĨĞƵŝůůƵƐ
ŝŶĚŝĨĨĠƌĞŶĐŝĠƐ ϱϬϱϭϴ ϰϱϰϲϲϮϬϬ ͲϬ͘ϮϬϬϬϬϬ Ϭ͘ϳϭϵϭϬϭ Ϭ͘ϵϭϵϭϬϭ Ϭ͘Ϭϴϲϲϴϭ Ϭ͘ϱϱϭϰϲϳ Ϭ͘ϲϬϱϴϴϱ
&ƵƚĂŝĞĂĚƵůƚĞĚĞƐĂƉŝŶ Ϯϳϭϵϵ ϮϰϰϳϵϭϬϬ Ϭ͘Ϭϭϵϯϱϱ Ϭ͘ϳϰϮϴϱϳ Ϭ͘ϳϮϯϱϬϮ Ϭ͘ϬϲϬϰϴϵ Ϭ͘ϱϰϭϵϬϮ Ϭ͘ϱϱϳϮϲϮ
&ƵƚĂŝĞĂĚƵůƚĞĚĞĐŽŶŝĨğƌĞƐ
ŝŶĚŝĨĨĠƌĞŶĐŝĠƐ ϳϮϵϬ ϲϱϲϭϬϬϬ ͲϬ͘ϬϬϴϱϰϳ Ϭ͘ϲϳϴϭϲϭ Ϭ͘ϲϴϲϳϬϴ Ϭ͘Ϭϲϱϵϳϵ Ϭ͘ϱϯϳϲϳϱ Ϭ͘ϱϱϬϭϭϵ
:ĞƵŶĞĨƵƚĂŝĞĚĞƐĂƉŝŶͲĠƉŝĐĠĂ ϵϵϴ ϴϵϴϮϬϬ Ϭ͘ϭϬϬϲϳϭ Ϭ͘ϲϴϯϲϳϯ Ϭ͘ϱϴϯϬϬϮ Ϭ͘Ϭϳϳϱϰϯ Ϭ͘ϱϯϲϴϲϱ Ϭ͘ϱϮϮϵϰϱ
&ƵƚĂŝĞĂĚƵůƚĞĚΖĠƉŝĐĠĂ ϴϵϬϭ ϴϬϭϬϵϬϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϳϬϵϬϵϭ Ϭ͘ϳϬϵϬϵϭ Ϭ͘ϬϲϲϮϯϮ Ϭ͘ϱϯϭϱϴϳ Ϭ͘ϱϳϴϲϯϱ


&ŽƌġƚŽƵǀĞƌƚĞĚĞĨĞƵŝůůƵƐ ϭϮϳϮϮ ϭϭϰϰϵϴϬϬ ͲϬ͘ϭϬϬϬϬϬ Ϭ͘ϳϮϯϮϭϰ Ϭ͘ϴϮϯϮϭϰ Ϭ͘ϬϴϬϲϳϯ Ϭ͘ϱϮϴϲϯϬ Ϭ͘ϱϲϳϰϲϮ
&ƵƚĂŝĞĂĚƵůƚĞĚĞƐĂƉŝŶͲĠƉŝĐĠĂ ϮϯϮϵϴ ϮϬϵϲϴϮϬϬ Ϭ͘ϬϬϵϯϰϲ Ϭ͘ϳϰϮϴϱϳ Ϭ͘ϳϯϯϱϭϭ Ϭ͘ϬϲϵϯϬϭ Ϭ͘ϱϮϰϭϴϬ Ϭ͘ϱϲϴϰϴϮ
&ƵƚĂŝĞĂĚƵůƚĞĚĞƉŝŶƐ ϮϮϵϭ ϮϬϲϭϵϬϬ Ϭ͘ϬϬϰϵϮϲ Ϭ͘ϲϵϭϰϮϵ Ϭ͘ϲϴϲϱϬϮ Ϭ͘Ϭϲϳϭϭϵ Ϭ͘ϰϴϴϮϲϴ Ϭ͘ϰϴϳϵϭϲ
WĞƵƉůĞƌĂŝĞ Ϯϳϭ ϮϰϯϵϬϬ Ϭ͘ϬϴϳϮϰϴ Ϭ͘ϲϳϴϴϵϵ Ϭ͘ϱϵϭϲϱϭ Ϭ͘ϭϭϳϱϳϳ Ϭ͘ϰϴϬϲϴϮ Ϭ͘ϱϲϴϵϴϳ
>ĂŶĚĞ ϮϮϵϮ ϮϬϲϮϴϬϬ Ϭ͘ϭϲϮϳϵϭ Ϭ͘ϲϴϬϰϭϮ Ϭ͘ϱϭϳϲϮϮ Ϭ͘ϬϳϱϰϲϬ Ϭ͘ϰϳϴϯϳϴ >ĂŶĚĞ































































































































































































+rWUHDQV  >.2=@ 3DVGHSUpFLVLRQVVXUOD
FRPSDUWLPHQWDWLRQGHOD
ELRPDVVHFDOFXOpH

















































3LQDQV  >&85@ 






eSLFpDSXUPRGqOH  >528@ ©SURGXFWLRQSULPDLUHªDLJXLOOHV
LQFOXVHV







eSLFpDDQV  >'(&@  'RQQpHVHQPGHERLVIRUW



























'RXJODVDQV  >521@  'RQQpHVHQP
'RXJODVDQV  >'(&@  'RQQpHVHQP








 3URGXFWLRQ GRQQpH HQ PKDDQ &RQYHUVLRQ HIIHFWXpH HQ XWLOLVDQW XQH YDOHXU GH PDVVH YROXPLTXH pJDOH j
WPVRXUFHERLVHWSDLOOHFRP


(VSqFH 3URGXFWLRQQHWWHSULPDLUHHQWKDDQ 6RXUFH
5HPDUTXHV
'RXJODVkJHQRQ
GpILQL
 9DOHXUVGHUpIpUHQFHGH
GLIIpUHQWVDXWHXUVFLWpV
LQ>'(&@
3DVGHSUpFLVLRQVTXDQWjOD
FRPSDUWLPHQWDWLRQ'RQQpHVHQP

5pFDSLWXODWLRQGHVYDOHXUVGHSURGXFWLRQGHELRPDVVHDUERUpH

(VVHQFH ,QWHUYDOOHVGHYDOHXUVGHSURGXFWLRQGHELRPDVVHDUERUpHHQWKDDQ
&KrQH 
+rWUH 
%pWXODLH 
)HXLOOXVLQGLIIpUHQFLpV 
3HXSOHPHQWVPL[WHV 
6DSLQ 
3LQ 
eSLFpD 
'RXJODV 

/HVGRQQpHVpWDQWH[SULPpHVHQLQWpJUDQWODELRPDVVHIROLDLUHLOHVWSUpIpUDEOHGHSDUOHUGHELRPDVVHDUERUpH
TXHGHELRPDVVHOLJQHXVH


7DEOHGHSURGXFWLRQGXFKrQH'(&2857


7DEOHGHSURGXFWLRQGXKrWUH'(&2857



7DEOHGHSURGXFWLRQGXVDSLQ'(&2857





7DEOHGHSURGXFWLRQGHO
pSLFpD'(&2857




















7DEOHGHSURGXFWLRQGX'RXJODV'(&2857















7DEOHGHSURGXFWLRQGXSLQ'(&2857




$QQH[H
6\QWKqVHGHVSDUDPqWUHVGHVSULQFLSDX[W\SHVGHIXWDLHSUpVHQWVVXUQRVWHUUDLQVG¶pWXGH
ƐƐĞŶĐĞƉƌŝŶĐŝƉĂůĞ ,ġƚƌĞ
DĂƐƐĞǀŽůƵŵŝƋƵĞ Ϭ͕ϳϭ
&ĂĐƚĞƵƌĚ͛ĞǆƉĂŶƐŝŽŶĚĞďŝŽŵĂƐƐĞ ϭ͕ϲϰ
ŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠƚŚĠŽƌŝƋƵĞ ϭϬϬĂŶƐ
WƌĞŵŝğƌĞƐĠĐůĂŝƌĐŝĞƐ ϰϱĂŶƐ
ĐĐƌŽŝƐƐĞŵĞŶƚŵŽǇĞŶăů͛ąŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠ ϳŵ
ϯͬŚĂͬĂŶ
ϱƚͬŚĂͬĂŶ


ƐƐĞŶĐĞƉƌŝŶĐŝƉĂůĞ ŚġŶĞ
DĂƐƐĞǀŽůƵŵŝƋƵĞ Ϭ͕ϲϵ
&ĂĐƚĞƵƌĚ͛ĞǆƉĂŶƐŝŽŶĚĞďŝŽŵĂƐƐĞ ϭ͕ϰϵ
ŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠƚŚĠŽƌŝƋƵĞ ϭϯϱĂŶƐ
WƌĞŵŝğƌĞƐĠĐůĂŝƌĐŝĞƐ ϯϬĂŶƐ
ĐĐƌŽŝƐƐĞŵĞŶƚŵŽǇĞŶăů͛ąŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠ ϱ͕ϲŵ
ϯͬŚĂͬĂŶ
ϯ͕ϵƚͬŚĂͬĂŶ


ƐƐĞŶĐĞƉƌŝŶĐŝƉĂůĞ ŽƵŐůĂƐ
DĂƐƐĞǀŽůƵŵŝƋƵĞ Ϭ͕ϱϯ
&ĂĐƚĞƵƌĚ͛ĞǆƉĂŶƐŝŽŶĚĞďŝŽŵĂƐƐĞ ϭ͕ϭϱ
ŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠƚŚĠŽƌŝƋƵĞ ϱϬĂŶƐ
WƌĞŵŝğƌĞƐĠĐůĂŝƌĐŝĞƐ ϮϱĂŶƐ
ĐĐƌŽŝƐƐĞŵĞŶƚŵŽǇĞŶăů͛ąŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠ ϭϱ͕ϯŵ
ϯͬŚĂͬĂŶ
ϴ͕ϭƚͬŚĂͬĂŶ







ƐƐĞŶĐĞƉƌŝŶĐŝƉĂůĞ ^ĂƉŝŶͬƉŝĐĠĂ
DĂƐƐĞǀŽůƵŵŝƋƵĞ Ϭ͕ϰϲ
&ĂĐƚĞƵƌĚ͛ĞǆƉĂŶƐŝŽŶĚĞďŝŽŵĂƐƐĞ ϭ͕Ϯϱ
ŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠƚŚĠŽƌŝƋƵĞ ϭϬϬĂŶƐ
WƌĞŵŝğƌĞƐĠĐůĂŝƌĐŝĞƐ ǀĂŶƚϱϬĂŶƐ
ĐĐƌŽŝƐƐĞŵĞŶƚŵŽǇĞŶăů͛ąŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠ ĞŶǀ͘ϭϭŵ
ϯͬŚĂͬĂŶ
ĞŶǀ͘ϱƚͬŚĂͬĂŶ


ƐƐĞŶĐĞƉƌŝŶĐŝƉĂůĞ WŝŶ
DĂƐƐĞǀŽůƵŵŝƋƵĞ Ϭ͕ϱϯ
&ĂĐƚĞƵƌĚ͛ĞǆƉĂŶƐŝŽŶĚĞďŝŽŵĂƐƐĞ ϭ͕ϯϯ
ŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠƚŚĠŽƌŝƋƵĞ ϴϬĂŶƐ
WƌĞŵŝğƌĞƐĠĐůĂŝƌĐŝĞƐ ϮϱĂŶƐ
ĐĐƌŽŝƐƐĞŵĞŶƚŵŽǇĞŶăů͛ąŐĞĚ͛ĞǆƉůŽŝƚĂďŝůŝƚĠ ϵ͕ϳŵ
ϯͬŚĂͬĂŶ
ϱ͕ϭƚͬŚĂͬĂŶ








dĂďůĞĚĞƐƚĂďůĞĂƵǆ

7DEOHDXOHVWDX[GHERLVHPHQWVSDUGpSDUWHPHQWV 
7DEOHDXV\QWKqVHGHVGLVSRVLWLIVHQIDYHXUGXERLVpQHUJLH 
7DEOHDX3ULQFLSDOHVSKDVHVGHGpYHORSSHPHQWGHODILOLqUHERLVpQHUJLH 
7DEOHDXVWUXFWXUHJOREDOHGHODFRQVRPPDWLRQGHERLVpQHUJLHHQ)UDQFKH&RPWp 
7DEOHDXFKDXIIHULHVPLVHVHQSODFHSDUOHVEDLOOHXUVVRFLDX[DVVRFLDWLRQVHWpWDEOLVVHPHQWV
GHVDQWp 
7DEOHDXGpFRPSRVLWLRQGXFRWGHODSODTXHWWHIRUHVWLqUH 
7DEOHDXV\QWKqVHGHVPpWKRGHVLVVXHVGHODIRUHVWHULH 
7DEOHDXPHVXUHVGX1'9,HWW\SHVGHYpJpWDWLRQ 
7DEOHDXFDUDFWpULVWLTXHVGHVFDSWHXUV/DQGVDW70 
7DEOHDXFDUDFWpULVWLTXHVGHVFKDXIIHULHVH[LVWDQWHVGDQVOH3D\V/RXH/LVRQ 
7DEOHDXFDUDFWpULVWLTXHVGHVFKDXIIHULHVGHOD&$*% 
7DEOHDXSULQFLSDOHVFDUDFWpULVWLTXHVGHVDSSURYLVLRQQHPHQWVGH3ODQRLVHHWGH)HUWDQV 
7DEOHDXJUDGLHQWGHGLVWDQFHHWIOX[GHSODTXHWWHVIRUHVWLqUHVjGHVWLQDWLRQGXVLWHGH
3ODQRLVH 
7DEOHDXJUDGLHQWGHGLVWDQFHHWIOX[GHSODTXHWWHVIRUHVWLqUHVjGHVWLQDWLRQGXVLWHGH)HUWDQV 
7DEOHDXYDOHXUVGHELRPDVVHIRXUQLHVSDU&KURQR(QYLURQQHPHQW 
7DEOHDX4XHOTXHVIDFWHXUVG
H[SDQVLRQGHELRPDVVH 
7DEOHDXYDOHXUVGHELRPDVVHGHVHVVHQFHVIHXLOOXHV 
7DEOHDXV\QWKqVHGHVYDOHXUVGHELRPDVVHGHGLIIpUHQWHVHVVHQFHVUpVLQHXVHV 
7DEOHDXkJHG
H[SORLWDELOLWpGHGLIIpUHQWHVHVVHQFHVIHXLOOXHVHWUpVLQHXVHV 
7DEOHDXH[WUDLWGHWDEOHG
DFFURLVVHPHQWpFODLUFLHKrWUH 
7DEOHDXSDUDPqWUHVG¶H[SORLWDWLRQSRXUOHVIXWDLHV 
7DEOHDXELRPDVVHpQHUJLVDEOHDQQXHOOHPHQWSRXUOH3D\V/RXH/LVRQHWOD&$*%VHORQ
GLIIpUHQWVW\SHVGHSHXSOHPHQWHQWRQQHVGHPDWLqUHVqFKHSUHPLqUHpWDSH
TXLQTXHQQDOH 
7DEOHDXUD\RQVHWVXSHUILFLHGHVEDVVLQVG¶DSSURYLVLRQQHPHQWHQIRQFWLRQGHVFRQWUDLQWHV
G¶H[SORLWDWLRQ 





7DEOHGHVILJXUHV

)LJXUHV\QRSVLVGHODWKqVH 
)LJXUHERLVEFKH 
)LJXUHSODTXHWWHVIRUHVWLqUHV 
)LJXUHSURFHVVXVGHSURGXFWLRQGHODSODTXHWWHIRUHVWLqUH 
)LJXUHJUDQXOpVGHERLV 
)LJXUHOHVGLIIpUHQWHVFDWpJRULHVGHFRPEXVWLEOHVERLV 
)LJXUHOHVSDUWLHVGHO
DUEUH 
)LJXUHWDLOOLVjWUqVFRXUWHURWDWLRQ 
)LJXUHOHVWDX[GHERLVHPHQWGHVUpJLRQVIUDQoDLVHV 
)LJXUHOHVPDVVLIVIRUHVWLHUVFRPWRLV 
)LJXUHIRUrWVSULYpHVYHUVXVIRUrWVSXEOLTXHV 
)LJXUHFODLULqUHDXVHLQG
XQERLV 
)LJXUHLPDJHVDWHOOLWDOHGHVHQYLURQVG
2UQDQV 
)LJXUHH[HPSOHGHIRUPDWLRQGHWDLOOLV 
)LJXUHDUEUHVDEDWWXVjILQDOLWpGHERLVG
°XYUHHQIXWDLH 
)LJXUHOHVW\SHVIRUHVWLHUVHQ)UDQFKH&RPWp 
)LJXUHpOpPHQWVFRQVWLWXWLIVG
XQHFKDXIIHULHERLV 
)LJXUHW\SRORJLHGHVPDvWULVHVG
RXYUDJHVHWVHFWHXUVW\SHV 
)LJXUH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